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FOREWORD 
The southwest coast, bearing the 
brunt of the S. W. monsoon, is subject 
to various dynamic seasonal changes. More 
than a 100 km of the coastline is affected by 
serious erosion during monsoon months, 
while in some areas accretion takes place. 
The continental shelf waters are highly 
productive and sustain a large pelagic fishery, 
consisting mainly of sardines, mackerel and 
anchovy. The neritic bottom conditions are 
also subject to major changes, particular!/ 
through the process of upwelling, during the 
monsoon and immediate post-monsoon 
periods. A considerable amount of river runoff 
also enters the sea to add to the nutrient 
load in the inshore waters. In addition to 
these, a very special phenomena occurs along 
parts of the southwest coast, particularly 
along Kerala coast, which is, in simple terms, 
known as ''mudbanks" or Chakara. This 
phenomenon, taking place in the coastal zone, 
has been known from time immemorial, but, 
even to-date, we have no convincing evidence 
as to the origin and nature of dissipation of 
the mudbanks of Kerala, particularly those 
found between Ponnani and Quilon. The 
phenomenon is all the more important as it 
also enables a thrill ing fishery to develop in 
the coastal area where the mudbank appears 
during the height of the monsoon period. 
The waters of tha mudbank remain practically 
an undisturbed sheet, while turbulent 
conditions prevail along its outer fringes, a 
situation brought about by the colloidal 
suspension of fine silt or clay particles in the 
water column. This calmness facilitates easy 
operation of fishing canoes, which are trans-
ported from fishing villages several kilometres 
north and south of the mudbank. Often several 
influxes of prawn or pelagic fishes, such as 
mackeral and sardine, from the adjacent open 
sea into the mudbank area occur, when 
bumper landings take place. When market 
conditions are good, this fishery is a boon 
for several thousands of coastal fishermen 
families, as otherwise operation of canoes 
in heavy surf-ridden beaches is practically 
impossible during the monsoon months. 
With meagre facilities the late Sir Robert 
C. Bristow had made a fairly exhaustive study 
of the mudbank, and his work posed many 
serious questions which remain unanswered 
to this day. Besides, we are now aware that 
mudbanks of different types occur, some, in 
the estuarine area, as a result of heavy f lood 
waters and silt, which may be transitory, 
while the type of mudbank seen south of 
Alleppey sustains itself for weeks. Consider-
ing the importance of this coastal phenomena 
to the fisheries of this region, a baseline 
and monitoring study was initiated by me in 
1971 to study the mudbanks mainly at 
Ambalapuzha-Purakkad-Thottappallyarea south 
of Alleppey, A multi-disciplinary team 
consisting of fishery biologists, chemists 
oceanographers, etc., was formed to study 
the physical and biological characteristics 
of mudbank south of Alleppey, in order to 
have an objective idea about their origin, 
life and nature of dissipation. This report 
embodies some of the essential aspects of 
work carried out during these studies. I 
wish to place on record my appreciation to 
the team headed by Dr. A. V. S. Murty, 
Senior Scientist, who have under great 
strains and sacrifice carried out some very 
useful observations on the mudbank of 
Kerala, particularly the one south of Alleppey. 
In no way could this report be considered 
an end to the problem of the study of 
mudbanks; on the other hand, we 
should consider this as a basis for a national 
effort for studying this coastal phenomena 
occurring along Kerala and Karnataka coasts. 
It is hoped that such a national multi-
disciplinary effort would go a long way 
in our better understanding of this problem. 
This should also find an important place in 
the national context of coastal zone manage-
ment of our country. 
The frontispiece to this publication shows 
the picture of Sir Robert C. Bristow, who 
made a special study on mudbanks as well 
as on problems of coastal erosion and accr-
etion, enabling him to propound some views 
and hypotheses on this. These have been, no 
doubt, thought provoking and have stimulated 
a considerable amount of work, and we feel 
that it is only fitting that this volume be 
dedicated to the memory of the late Sir Robert 
C. Bristow as a token of our esteem. 
E. G. SILAS 
DIRECTOR 
Central Marine Fisheries 
Research Institute 
Cochin-682018 
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INTRODUCTION 
ONE 
THE MUDBANKS, the format ion of wh ich 
is a curious phenomenon reported hitherto 
from only the southwest coast of India, 
appear over restricted areas on the Kerala-
south Karnataka coast during the inclement 
S. W. monsoon as bodies of calm water, 
where the wave act ion the coastal waters 
at th is t ime abounds w i th is almost absent, 
largely due to a f ine mud in a state of suspen-
sion. On a squally, surf-beaten coast, these 
areas faci l i tate easy f ishing operations of 
country crafts, wh ich otherwise idle away 
during this haish weather. For this reason 
it gained much populari ty, particularly of late, 
among the coastal people. 
Reports on mudbanks date back to the 
early 18th century. But a serious scient i f ic 
study on them was not in i t iated unt i l 
nineteen-thirt ies, when Sir Robert Br is tow 
took it up in connect ion w i th his port man-
agement. His study, however, st imulated 
further interest, and, because of its contr i -
bution often to successful f isheries, w i th 
spectacular catches of prawns and f ish , part i-
cularly the shoaling forms, the mudbank has 
attracted increasing at tent ion f rom fishery 
scientists. 
Central Marine Fisheries Research 
Institute, being the chief body engaged in 
fisheries research, natural ly got itself soon 
involved in a major programme of invest i -
gat ion, assigning a team of scientists of 
di f ferent discipl ines to study the phenomenon 
in detai l . The fo l l ow ing report embodies the 
results of studies on some of the diverse 
characters of the mudbanks in general, but 
w i th particular emphasis t o the Alleppey 
mudbank, which is by far the most important 
of a l l . Problems pertaining to physical, 
chemical and biological aspects have been 
dealt wi th in detail as far as possible, in 
addi t ion to cr i t ical ly reviewing the earlier 
documented in format ion . In the l ight of these 
studies it has been possible to give an 
explanation of the or ig in, maintenance and 
dissolut ion of the mudbanks. However, it has 
t o be confessed w i th candour that these 
studies are by no means conclusive and, 
needless to say, a lo t of mult idiscipl inary 
e f for t s t i l l remains to be made, preferably as 
a part of a national programme of manage^ 
ment of coastal zones. 
The authors wish to express their thanks 
to the authorit ies of the Cochin and the 
Al leppey ports, especial ly to Capt. Rajan, the 
then Port Off icer, Al leppey, for furn ishing 
valuable informat ion on the Alleppey mud-
bank. Their thanks are also due t o the Depart-
ment of Chemistry, Agricultural University, 
Mannuthy, for permit t ing them to carry out the 
chemical and mineral analyses at their labor-
atory. Shri R. Vasanthakumar, Smt. C. M. 
A l l i kun ju , Shri P. K. Swamy, Shri P. M. 
Aboobaker and Shri N. P. Kunhikrishnan 
deserve special thanks for their helps rendered 
in the chemical analysis of the samples. Shri 
K. L. K. Kesavan has helped in the preparation 
of many of the drawings. Shri P. Narayanan 
of Cochin Port Trust deserves their special 
thanks for procuring the photograph of Sir 
R. C. Br is tow, which is reproduced here on 
the frontispiece. The Cochin Archives has 
made available some of the early literature 
relevant to the present work. During the f ie ld 
investigations, a good deal of local cooper-
at ion and g o o d w i l l was for thcoming which 
greatly faci l i tated work , often under adverse 
condi t ions. Special mention should be made 
here of the help rendered by Shri Sivanandan 
of Ambalapuzha, Shri Devadattan of Purakkad, 
and the crew of R. V. Cadalmin-I of the' 
Inst i tute. 
TWO 
MUDBANKS OF KERALA-KARNATAKA—NEED FOR 
AN INTEGRATED STUDY 
E. G. SILAS 
Central Marine Fisheries Research Institute, Cochin 
INTRODUCTION 
We have documented reports of the 
mudbanks along the south-west coast 
between Mangalore and Quilon for well over 
three hundred years. However, sequential 
record of their occurrence in time and space is 
wanting. This phenomenon in Kerala, typi-
cally as occurs south of Alleppey (^Fig. 1), is 
known as Chakara. or Santhakara ("quiet 
shores"). During the last two decades the 
presence or absence of the Chakara pheno-
menon has attracted considerable attention of 
the fisheries sector, resulting in a number of 
useful studies on mudbanks covering specific 
aspects. Yet we are far from having precise 
answers to the problem of the mode of its 
origin, establishment, stability and dissip-
ation, except propounding some hypotheses 
and suggestions based on physico-chemical 
and biological data. 
The recent past has also seen large-scale 
erosion along long stretches of this coast 
and consequent serious impairment of the 
life of those living in the coastal zone. Since 
1973, the mudbank has not developed to the 
extent anticipated, to sustain any major 
fishing activity along the coast. This, com-
bined with extensive erosion, has created 
serious socio-economic problems in the 
coastal sector. Of a good mudbank season, 
the primary beneficiary is the artisanal fisher-
man, who is able to operate his canoe from the 
calm waters of the mudbank and often land 
heavy catches of shoals which enter the 
area. Owing to heavy surf along other parts 
of the coast, fishing in the artisanal sector is 
generally at a standstill during the monsoon 
season. As such, the formation of mudbank 
is eagerly awaited as it portends good fishing, 
and hundreds of canoes are transported by 
road to the sites of the mudbanks from 
villages even 50 to 60 km north and south. 
These multifarious factors focus attention 
on an imperative need for developing an 
integrated multidisciplinary programme to 
study the mechanisms of mudbank formation, 
its life and dissipation and its impact on the 
coastal zone. 
HISTORICAL RESUME 
in the two volumes entitled "History of 
Mud Bank" Bristow (1938) refers to the early 
works on mudbanks, which are mainly 
narrative in nature. He also opines on the 
various possibilities of the mode of formation 
of the mudbanks. 
Probably, the first mention of the mud-
banks along the southwest coast in recorded 
history is a mention as early as 1678 in 
Pinkerton's "Collections of voyages and 
travels," appearing in the Administration 
Report of 1860 of Travancore, In his book, 
"A New History of the East India," Capt. 
Cope (1755) spoke of the Alleppey mudbank 
("mud bay" as he calls), which, he says, is a 
place that few can parallel in the world. 
Crawford (1860) may be credited with 
attempting the first possible explanation of 
the source of the Alleppey mudbank. Based 
on personal observations of mud cones on 
the beach and on roads of Alleppey, Crawford 
found cause for linking them with the back-
waters and rivers. His observations of bursting 
of mud and water, during the widening of the 
Alleppey canal, and his attempt to sound the 
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Fjg. 1. Areas of mudbank formation and the various types of mudbanks 
along the Kerala-Karnataka coast 
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'L inus' of Chengannur River, strengthened his 
opinion that subterranean mud sustained the 
Al leppey mudbank. The observations of Logam 
(1882) further help us to note the importance 
of subterranean mud deposits. He found 
"deep pot -ho les in the lake east of Al leppey 
and w i th a rise of 4 ' to 6', as occured in the 
f loods of 1882, it can be easily bel ieved that 
the enormous pressure thus caused wou ld 
force relief ways for itself be low the 
coastl ine through sof t muds . " 
King (1881), in a report on "Consider-
ations on the smooth water anchorage of 
mudbanks of Narakkal and Alleppey on the 
Travancore coast , " discussed the migrat ion 
and format ion of the mudbanks between 
Alleppey and Purakkad and between Cochin 
and Narakkal. A sigini f icant observation was 
that of Rhode (1886;//?.• Br is tow 1938), who 
spoke of f lu id mud exist ing below Alleppey, 
and thereby postulat ing that the mudbank at 
Al leppey increases and diminishes as the level 
of the inland water rises and fal ls, as was 
observable during the 1882 f loods . Opining on 
the same lines Drury (1906) was of the v iew 
that, in the absence of a natural out let for the 
vast accumulation of waters wh ich are poured 
down from the various mountain streams into 
the basin of the backwater, nearer than 36 
miles on either side, it is not improbable that 
there exists a subterranean channel communi-
cation w i th the sea from the backwater, 
through which large quantity of mud is carried 
o f f and th rown up again by the sea in the 
from of a bank. According to Lake (1889), " i t 
is to the observation of Mr. Rhode and of his 
predecessor, Mr Crawford, that we owe most 
of our knowledge of the Al leppey mudbank, 
and there is very l i t t le to add to what they 
have already recorded. " He also reported on 
the occurrence of mud cones in his report on 
the Alleppey mudbank. 
For more on these and for other references 
to the mudbfcnks, I wou ld direct the reader t o 
the comprehensive treatise of Bristow (1938) 
on the "H is tory of the Mudbanks" , wherein 
he has also added his exhaustive observations 
on the format ion, maintenance and movements 
of the mudbanks at Al leppey and Narakkal. 
The mudbank at Narakkal plays an important 
role in the si l t ing of the Cochin Harbour cha-
nnel and was the cause for a Special report by 
Du Cane et a i . (1938). This report also does 
not favour the v iew that an increase in the 
water level in the lake wou ld result in mud 
being pushed up in the adjacent coastal area* 
due to the insuff icient pressure (2 Ibs/sq. inch) 
that even a 5 ' rise in water w o u l d create. Nor 
is the consistency of the mud of the mudbank 
the same as that found in the lake, the latter 
having a high percentage of carbon and a lot 
of vegetable debris. However, I feel that a 
crit ical study of th is is necessary, wh ich w i l l 
also necessitate borings and soi l studies at 
di f ferent depths in the lake, intervening land 
area and the Purakkad inshore waters. 
The post-war period saw a renewed inter-
est in the studies on the coastal ecosystem. 
This has l e d t o more specialised invest igat ions 
on the mudbank ecosystem as summarised 
be low: Seshappa (1953) and Seshappa and 
Jayaraman (1956) have studied the phosphate 
content of the mudbank at Calicut and noticed 
higher phosphate concentrat ions. Ramasastry 
and Myr land (1959) stated that the forma-
t ion of the mudbank is associated w i th 
upwel l ing and divergence near the bo t tom 
between 20 and 30 m along the coastal l ine, 
which produce vertical acceleration, w i th 
resultant l i f t ing of the bot tom waters; the 
l i f ted bo t tom water carries along w i th it the 
fine mud of the bot tom. Nair et al (1966) 
have studied the mud deposited on the 
sandy beaches of the Vypeen island near 
Cochin after a storm, for its physical and 
chemical properties, in order to understand 
the source and mechanism of mud deposi t ion. 
A comparative study of these sediments w i th 
that obtained f rom offshore samples has also 
been made. They came to the conclusion that 
the mud deposited on the beach was from the 
nearshore areas, as it was composed of 
dredged material transported nor thward from 
Ernakulam channel. Varadachari (1966) has 
discussed the part played by the estuaries and 
mudbanks of Kerala coast on shore- l ine 
cpr i f igurat ion. Varadachari and Murty (1966) 
have made some observations on a temporary 
mud f lat that appeared between Cochin 
harbour entrance channel and Elamkunnapuzha, 
during a storm in December 1965. Damodaran 
and Hridayanathan (1966) suggest that 
lower ing of surface sal ini ty and a f loccu la t ion 
effect caused by the same keeps the mud in 
suspension. Rao (1967) has given an account 
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PLATE II. Heavy monsoon seas and coastal erosion at Chellanam and adjacent areas on the 
Alleppey-Cochin coast. 
M U D B A N K A T P U R A K K A D 
PLATE II I . A: Calm waters of the mudbank; B: Boat-seine, Thanguvala, operation; C: Awaiting 
the catch; D: Ice packing of fish before loading on cycles; E: Catch of Lesser 
sardines; and F: Heavy catch of Parapenaeopsis stylifera at the Purakad mudbank. 
H A R V E S T F R O M M U D B A N K 
PLATE IV. A. Oilsardine; B: a mixed catch; C: prawns spread out for drying; D: Shelling of 
prawns, after drying; E: a mixed catch of prawns, crabs and fishes; and F: Fishvans 
at Purakad waiting for transporting prawn and fish catch from mudbank. 
of the fishery aspects of the mudbank at 
Al leppey w i th some considerations on the 
physico chemical features. Dora et al (1968) 
carried out invest igat ions on the texture of 
Narakkal mudbank sediments. 
Varma and Kurup (1969) opined that the 
formation of the mudbank is the result of the 
interaction between the inshore and offshore 
transport of sediments in suspension, the 
former by waves and the latter by r ip - f lows. 
According to Kurup (1972), the converging 
l i t toral currents in the inshore waters of 
the Kerala coast have influence on the shore-
line changes along the coast and play an 
important role on the format ion of the mud-
bank south of Al leppey. Iyer and Moni (1972) 
evaluated the effects of mudbanks on the 
shore- l ine stabi l i ty. Gopinathan and Qasim 
(1974) have investigated the format ion and 
characteristics of the Alleppey mudbank. 
The organic carbon of the mudbank sediments 
of Alleppey have been studied by Jacob and 
Qasim (1974). Two recent fair ly exhaustive 
works are; f i rst , a detai led invest igat ion on 
the meiobenthos and macrobenthos of the 
mudbanks on the south-west coast of India 
by Damodaran (1973) and, second, a study of 
the physical aspects of the mudbank including 
the texture of sediments, by Kurup (1977). 
Mathew et al (1977,) have studied the 
diurnal variations in the distr ibut ion of 
zooplankton in relation to currents and other 
ecological parameters of the mudbank of 
Al leppey. Recently, McPherson and Kurup 
(1981,) postulated a mathematical model to 
explain the wave damping at the mudbank. 
Information was gathered from several 
sources, including statements by inhabitants 
in the f ishing v i l lage. A fisherman (70 years 
old) of Punnapra stated that he had never 
seen mud cones at Punnapra area in his l i fe-
t ime; but he remembered that there was a w e l l -
formed mudbank at north Punnapra during 
1950. Another person stated that , in the late 
f i f t ies, the seat of the mudbank was at south 
Punnapra w i th its southern end at Nirkunnam, 
and this was so unt i l 1968. Then it shif ted to 
Valanjavazhi in 1969 and Nirkunnam and 
Ayyancoil became respectively the northern 
and southern ends of the mudbank. Local 
f ishermen also stated that mud cones were 
observed on the land at Nirkunnam in 1969. 
In 1971 and 1972 the northern periphery of the 
mudbank was observed at Kakkazham, where 
the mud cones were observed in 1972 on the 
beach and in the inter- t idal zone. In 1973, 
there was no proper mudbank formation at 
Karoor-Ayyankoi l , and the si tuat ion has re-
mained so in subsequent years, when only 
' inc ip ient ' mudbanks or 'evanescent' mudbanks 
have occurred. Thus Purakkad was the locat ion 
of mudbank in 1974 and 1975. In 1976 it 
moved further south to appear between Pura-
kkad and Thottappally. Since 1976, unti l the 
mudbank season in 1980, the mudbank appe-
ared at Thot tappal ly , north of the spi l lway. 
In 1981 t w o mudbanks were observed in the 
Al leppey region, one at Punnapra and the 
other at Thottappally-Pallana region. However, 
all the post-1973 mudbanks south of Alleppey 
have been very evanescent ones of not any 
great consequence. 
TYPES OF MUDBANKS 
Studies thus far carried out indicate that 
the mudbank could result from di f ferent fact-
ors, such as : 
a) erosion, accretion and transport of 
sediments, 
b) t ransportat ion of sediments through 
upwel l ing or currents in the coastal 
waters, 
c) transport of sediments to the river 
mouth, 
d) format ion of mud cones due to 
pressure in the lake site ; and 
e) dredged sludge which is dumped into 
the inshore sea. 
The need of the hour is a crit ical study of 
the various types of mudbanks and the mecha-
nisms which are responsible for them under 
dif ferent si tuations. 
Remote sensing and satellite imagery technique 
for studying mudbanks 
It is necessary to obtain synoptic pictures 
of the river discharges in the inshore waters 
and the indicat ion of format ion or bu i ld up of 
sediments to form mudbank, and the related 
features between Qui lon and Mangalore. The 
manpower and faci l i t ies required for mon i t -
oring such a long stretch of coast w i l l be 
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tremendous and, as such, the t ime has come 
for techniques such as remote sensing and 
satel l i te imagery to be taken advantage of to 
record the events synoptical ly. This w i l l also 
faci l i tate moni tor ing the water shed of the 
rivers to assess the run off and the amount of 
in f low in the inshore waters. Because of the 
mult i far ious uses to which river waters are 
presently put it is only a short t ime before 
major imbalances may develop in the coastal 
regime, affecting its fer t i l i ty as we l l as the 
other associated natural phenomena. Fortuna-
tely, intensive moni tor ing systems can be 
developed and today we are aware of the 
magnitude of the problems and how to appro-
ach the same. 
Some priorities for consideration in future inte-
grated investigations on mudbanl( 
1. The stabi l isat ion of the coastal track by use 
of appropriate vegetation is an area wh ich 
needs invest igat ions. This is necessary 
on account of the considerable erosion 
along long stretches of the coast. The 
importance of rehabi l i tat ion of mangrove 
vegetat ion as we l l as other plant c o m -
munity for stabil izing the beaches and the 
subl i t toral should be given prior i ty. 
2. The f locculat ion of cohesive sediments in 
suspension and the agglomerat ion of par t i , 
cles added by b io logica l organisms and 
the subsequent rate of sedimentat ion, is 
area which is yet to be understood. Simi l -
arly the inter-act ion between various 
b io log ica l and physical processes involved 
and accretion and f ine-grain sediments in 
the areas adjacent to the mudbanks is 
practically unknown. 
3. To-date we have no idea of the role of 
epiphyt ic microf lora and diatoms wh ich 
produce mucus and thereby accretion of 
intertidal mud deposi t ion. 
4. We know l i t t le about act ion of inverte-
brates on sediment deposi t ion. 
5. Normally, suspended sedimentary material 
should be a repository of trace metals as 
wel l as heavy metals. We have practically 
no information as to the extent that m u d -
banks contr ibute towards this. 
6. The role of micro-biota in organic degra-
dation and process of recycling is yet 
another area where information is lacking. 
7. We have no information on sediment oxy -
gen demand and the rate of oxygen trans-
ference in the mudbank. 
8. The "cr i t ical l i m i t " or "cr i t ica l d e p t h " for 
def in ing the boundary based on the sus-
pended or s i l t d is i r ibut ion in the mudbank 
has not been properly def ined. This is 
important as the outer boundary may be 
osci l lat ing, depending on the load of 
suspended matter. Our present project ions 
in this are arbitrary. 
9. The question may be asked as to whether 
we have any idea of the mudbank sedi-
ments as concentrat ing mechanisms of 
organic and inorganic materials. The 
answer is no! Simi lar ly, we lack in in form-
ation on entrainment, deposi t ion and 
transport of fine grain sediments in the 
mudbank. 
10. Is there a w a y of estimating annual/sea-
sonal total budget of substances of the 
mudbank, wh ich separate f rom mud to the 
water? Particularly suspended materials and 
trace metals? The answer at present is no. 
1 1 . Absolutely no information is available 
from the mudbank studies on the b io-geo~ 
chemical cycles taking place there. 
12. We have no informat ion on the role of 
microbial metabolism in the mud sedi-
ments and the role it may play in mobi l i -
sat ion of phosphorus. 
13. The optimum/maximum of trace metals in 
this natural ecosystem of mudbank is 
st i l l unknown. There is hardly any inform-
ation to assess trace metal uptake in 
sediments and suspended metals—to un-
derstand the modus operandi—whether it 
is through physico-chemical absorption or 
through physical accumulation of metal 
enrichment of particulate matter. Or 
through biological uptake. 
14. There is a lack of information on b io log i -
cal uptake; the role of bacterial populat ion 
in this process and the mineral isat ion of 
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algal matter by bacteria are practically 
unknown. 
15. The earlier works clearly indicate that 
nematodes const i tute numerical lythe most 
important component of the meiofauna of 
the mudbanks. However, we have no 
informat ion on the nematodes-bacteria 
interact ion. The burying and feeding act i -
v i t y of nematodes may help in improving 
exchange of metabol i tes and other essen-
t ia l nutrients for bacteria to maintain the 
latter at the point of maximum g row th . 
Nematodes also assist in the process of 
b io- turbinat ion. According t o Piatt and 
Warwich (1980), nematodes are primary 
consumers of f ood for higher organisms 
and they play a vi tal subsidiary role in 
organic decomposi t ion and in modi fy ing 
the physical stabi l i ty of sediments. More 
work on the nematodes in the mudbank 
area is necessary. 
16. Often large quantit ies of benthic animals, 
such as tube-wel l ing polychaetes and 
bivalves, are found accumulated in the 
intertidal area when the mudbank exists. 
The causative factors for their displace-
ment from natural beds in the mudbank 
area needs study. 
17. Examination of core samples f rom the 
mudbank and adjacent areas is necessary 
to understand as to how long this pheno-
menon in the Al leppey region has been in 
existence. 
In the fo l l ow ing reports stress has been 
made to study some aspects of the physico-
chemical and bio logical aspects of the mud-
bank. It is hoped that th is w i l l st imulate more 
intensive studies of an integrated nature in 
future by col laborat ion and coord inat ion of 
work w i th other interested agencies. 
Coastal zone management—need for a national 
policy 
The mudbank is a phenomenon of the 
coastal zone. The management problems 
connected w i th it during a year of successful 
mudbank format ion, particularly between 
Quilon and Cochin, are up to now tackled on 
an ad~hoc or temporary basic. There is an 
imperative need for a national coastal mana-
gement strategy to be developed to look 
construct ively at these and other phenomena 
and shape public pol icy. A large share of th is 
responsibi l i ty w i l l rest w i th the Department 
of Environment, Government of India, which 
should develop a strategy, that wou ld also 
improve the qual i ty o f l i fe of the people invo l -
ved in various act iv i t ies along the coastal 
zone. This wou ld invo lve also a judic ious 
development of aquaculture practices in the 
sea and in the adjacent inundated brackish-
water areas; the interest o f the artisanal f isher-
men and f isheries; the development of harbour 
and other infrastructure; the proper manage-
ment of the mangrove eco-systems; and the 
protect ion and safety of the estuarine areas 
f rom industr ial po l l u t i on ; besides moni tor ing 
of human interference on the rivers and water-
sheds, which eventually upsets run of f in to 
the sea and thereby affects deleter iously the 
coastal eco-systems, problems of erosion and 
accret ion, and special phenomena such as 
mudbanks and their importance in inf luencing 
the coastal zone management. 
It is hoped that pr ior i ty w i l l be g iven to 
evolv ing a coastal zone management pol icy 
for the country taking also into account an 
integrated approach of demographic and 
environmental problems of the coastal zone. 
No doubt , the Department of Environment, 
Government of India, has to play a nodal 
funct ion in close l iaison w i th the concerned 
marit ime States and Union Terr i tor ies. We 
hope that this Report w i l l create an 
awareness in this direct ion and stimulate 
posi t ive act ion. 
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HYPOTHESES ON MUDBANKS 
A. V. S. MURTY, D. S. RAO, A. REGUNATHAN, C. P. GOPINATHAN and K. J . MATHEW 
ABSTRACT 1. Subterranean Passage Hypothesis 
The report gives a critical appraisal of the various 
hypotheses on the formation and the characteristic calmness 
of the mudbanks, in the ligt of the auther's findings, with 
special reference to the Alleppey mudbank. A detailed 
account on various types of mudbanks along the southwest 
coast of India is also presented. 
INTRODUCTION 
The mudbanks, though conf ined to the 
near-shore waters, is a phenomenon st i l l not 
fu l ly explained. The format ion of mudbanks at 
the vicinity of river mouths, such as Korapuzha, 
Bharathapuzha, Chetwai and Azhikode, and 
Cochin bar mouths, where clay and vegetable 
debris brought down by the rivers are depo-
sited on the downward side o f the l i t toral 
currents, is easy to understand. But, the mud-
banks at places where there are no river d is-
charges, as at Al leppey, are rather d i f f i cu l t to 
explain. There are many hypotheses put 
forward to explain specific aspects, such as 
the source of the mud and its role in calming 
down the waves. These hypotheses are 
br ief ly discussed here in the l ight of the 
present observations. 
SOURCE OF MUD 
Sir Rohert C. Br is tow, former Admin is -
trator-cum-Chief Engineer of Cochin Harbour, 
w h o was also the chief architect of the 
Wi l i i ngdon Island, compi led "The History of 
Mudbanks" from the then available records, 
wh ich was published in 1938. It details the 
views held by the earlier authors on the for-
mation and other aspects, mainly of the 
Alleppey and Narakkal mudbanks, and a hypo-
thesis of Br is tow himself. The f o l l o w i n g is a 
discussion on the various theor ies, advanced 
before and after Br istow, weigh ing the merits 
and demerits of each one of them. 
Crawford { I 860 ; in: Br istow 1938) was the 
f irst to advance a hypothesis — the Subter-
ranean Passage Hypothesis — to explain the 
source of the mud of the Al leppey mudbank. 
He observed the format ion of mud cones on 
the beaches and in the roads of Alleppey in 
1855. This led him to suggest the existence 
of a subterranean passage, or stream, or a 
succession of them, that becomes more active 
during heavy rains, particularly in the com-
mencement of the monsoon, carrying off the 
accumulating water and w i t h it vast quantities 
of soft mud from some of the inland rivers 
and backwater to the sea. 
Later Capt. Drury ( In : Br is tow 1938), o b -
serving the deposi t ion of so large a quanti ty 
of mud in the open sea, about 2 or 3 miles 
f rom the shore and many miles from any bar 
mouth or outlet f rom the backwater, suggested 
that it is not improbable that there exists a 
subterranean channel through which large 
quanti ty of mud is carried of f into the sea, 
where it is th rown up in the form of a bank. 
He stated that the mud thus formed gradually 
f loated southward w i th the l i t toral currents 
and fresh banks are formed whenever the 
hydraulic pressure of the inland backwater 
increases suf f ic ient ly to overcome the sub-
terranean resistance of the stratum of f lu id 
mud wh ich is formed at certain places. 
According to King (1881), the mudbank 
maybe ent i rely due' to the discharge of mud 
f rom under the lands of Al leppey, Purakkad 
and Narakkal, being effected by the percolat ion 
or undeiground passage of lagoon water into 
the sea 
Philip Lake(1889; in: Br istow 1938) d i f fered 
f rom the views held by the previous odservers 
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on the source of mud for the Al leppey m u d -
bank. He opined that the Al leppey mudbank is 
formed not from the backwater mud, but from 
an older river deposit found only at particular 
points along the coast. He further stated that, 
wi th regard to the existence of subterranean 
channels, it might wel l be doubted whether 
any cou ld exist in such unstable deposit as 
found there. 
John Rhode (1886; in : Br is tow 1938) for-
mer Master of Al leppey Port, suggested that 
a f lu id mud strata exists be low Alleppey. 
The consensus of opin ions stated above 
leads to the concfusion that there is an under-
ground discharge of water, at any rate, into 
the sea from the lagoon and river system 
behind the Aileppey-Purakkad coast during 
f lood t ime, the inland water being at a higher 
level. This passage of underground water 
must, more particularly during heavy rains, 
pour out w i th it large quantity of the mud. 
2. Hypothesis of water bearing stratum 
Bristow (1938) ruled out the prossibi l i ty 
of the existence of an underground river at 
Al leppey. His argument is that it is impossible 
for the backwater to rise more than a foo t 
w i thout f lood ing the lower parts of the neck 
of land separating the backwater from the sea, 
at many points between Cochin and Al leppey. 
Besides, a head of 5 ft., the maximum possible, 
wou ld give a pressure of only about 21 Ibs/sq. 
inch, wh ich is not enough to overcome the 
frictional resistance set up by sol ids in 
suspension. According to him, what is more 
l ikely is that a water-bearing stratum exists at 
a good depth, which brings down water from 
the hil ls and crops out under the sea at 
varying distances from the shore, thereby 
l i f t ing the bot tom mud above it and anything 
suff ic ient ly buoyant that lies buried in the 
mud. 
3. River deposition iiypotfiesis 
According to Ducane et al (1938), the 
chemical analysis of the backwater mud and 
the mudbank mud reveals di f ferent char-
acterist ics. The mud of the mudbank is green-
ish, very o i ly , butmixable vvith water, whereas 
the mud of the backwater is black and is ful l of 
vegetable debris and is immiscible w i th water. 
This difference led Ducane-s team to conclude 
that the mud of the mudbank might be from an 
older source. They held the v iew that the 
later i te/al luvial sediments f rom the land are 
run down by the rivers and are deposited on 
the seabed close to the shore in a regular 
process of river discharge and the sediment 
deposit thus accumulated near the coast is 
churned up by monsoon waves, and thus the 
mudbank is formed. 
This explanation is, however, convincing 
w i t h regard to the mudbanks forming near 
river mouths and bar mouths. But the mudbank 
near Al leppey cannot be explained by th is hy-
pothesis, because there is no river or back-
water emptying in the nearby area. 
4. Ttie Upwelling fiypotfiesis 
Ramasastry and Myr land (1959) associated 
the format ion of mudbanks w i t h the upwel l ing 
along the west coast of India during the south-
west monsoon, the upward movement of 
water l i f t ing the bot tom mud. 
The presence of upwe l l ing according to 
them is only at about 20-30 m bathymetric 
l ines of the coastal waters. It is wor thwh i le to 
mention here that the presence of upwel l ing 
at such depths, however, does not help to ex-
plain the format ion ot mudbank f rom shore to 
10 m depth, unless there is some other 
mechanism in the region of the bathymetric 
dif ference of the locations of the tvyo pro-
cesses. Secondly, unless upwel l ing extends 
down to the bo t tom, wh ich is unl ikely, the 
mechanism wou ld not be able to l i f t the bo t tom 
mud. Thirdly, why the mud banks are l imi ted 
to only certain regions when upwel l ing is 
there all along the southwest coast (Rama-
mirtham and Rao 1973) is not explainable. 
FORMATION OF MUD SUSPENSION AND 
THE CALMNESS ASSOCIATED WITH THE 
MUDBANK. 
/ . The Defioccuiation iiypotfiesis 
Flocculai ion is the process in wh ich f ine 
particles are brought together and clustered 
to become heavier masses so that they wou ld 
be pul led down by gravity. Keen and Russel 
(Ducane et al 1938) found in their experiment 
that the mud of the mudbank completely 
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sett led (f locculated) when sal in i ty was greater 
than 20%o and it remained suspended (do f l o -
cculated) at sal ini ty low^r than 2.5%o. This 
hypothesis was adopted by Kurup (1969) and 
Padmanabhan and Eswaran Pillai (1971) to ex-
plain the calmness of mudbank. 
As l ow as 17.04%o salinity was reported by 
Damodaran and Hridayanathan (1966) during 
August 1966 f rom the surface waters of 
Cochin mudbank. Nevertheless, the bot tom 
waters always recorded high values and never 
went be low 33%o (Iyer and Mon i , 1972). 
Periodical observations at Al leppey mud-
bank, which extended f rom Valanjavazhi in the 
north to Purakkad in the south during the 
mudbanks of 1971 and 1972. indicated sal in i ty 
values as shown in Table 1. It wou ld be seen 
f rom the table that the mudbank, both at 
surface and bot tom, maintained we l l above 
the upper l imit for def loccuiat ion. 
Table 1 Salinity values (%o) at surface and 
bottom at the mudbank during 1971-72. 
(S = Surface, B«=-Bottom). 
Valanja- Valanja- Ambala- Purakkad 
vazhi vazai puzha 
east west 
1971 S 
B 
1972 S 
B 
32.22 
33 70 
29.28 
27.76 
32.26 
32.12 
30.34 
29.05 
30.89 
31.81 
29.82 
2950 
30.74 
30.89 
3002 
31.47 
Even admitt ing that surface water is 
di luted by freshwater influx to the opt imum 
level at some places, bot tom water at no 
place recorded the required l ow salinity for 
def loccuiat ion, showing that the water i m -
mediately in contact w i t h the mud i tself is not 
in favour of def loccuiat ion-
2, The Hypothesis of oil in watar as an agent 
to cause calmness 
King (1881) suggested, based on the 
analysis made by F. R. Ma l le t , that some 
brownish-ye l low oi ly matter was present in 
the mud col lected from the Al leppey bank, 
wh ich he thought , when released into the 
water, to be the main agent responsible for 
br inging about calmness over the Al leppey 
mudbank. Lake (1880), however, discredited 
this hypothesis. Later the analysis of Keen and 
Russel showed that there was no such oi ly 
matter in the mud at Al leppey. 
3. Hypothesis of elastic nature of mud and its 
role in producing calmness 
Another suggestion was that the mud is 
of springy or elastic nature and hence is able, 
by alternate contractions and expansions, as 
the wave passed over it, to absorb the wave 
energy, so bringing them to rest. Keen and 
Russel (1983; in: Ducane et al) discarded this 
v iew. According to them the primary charac-
teristic of any mud is that it is plastic not 
elastic, i e., it w iU alter its shape or conf igur-
at ion under external forces, but w i l l not 
resume its or iginal shape when the deforming 
force is w i thdrawn. 
4. Thixotropic hypothesis 
From the known principles of hydro-
dynamics and from the results of experiments 
Keen and Russel ( in : Ducane et al 1938) c o n -
cluded that the calming effect is due to the 
kinematic v iscosi ty and thixotropic properties 
of the muddy suspensions produced in the 
monsoon. They are of the opin ion that, when 
the heavy waves and swel ls of the monsoon 
reach the shoal bot tom at the seaward fr inge 
of the mudbank, the alternat ion of stresses 
associated w i th ridge and t rough of the waves 
brings mud into suspension. The suspended 
mud increases the kinematic viscosity of the 
medium. This factor w i l l tend t o dampen the 
mot ion of the waves on the surface and in 
subsurface depths. As the stress thus fa l ls , the 
properties of the mud suspension resemble 
those of a jel ly wh ich w i l l absorb the wave 
energy completely. Thus, according to Keen 
and Russel, the effect of th ixotropic suspension 
on wave mot ion is a cumulative one. In mud-
suspended water, at high stresses, e.g., v io lent 
wave mot ion , the kinematic viscosity of the 
agi tated mud suspension produces a higher 
rate of damping than in mud-free water and 
the stresses are reduced. Then the th ixotropic 
effect comes into play, and the remaining 
stress is rapidly dissipated by the je l l y - l i ke 
behaviour of the suspension. 
5. Rip current hypothesis 
Varma and Kurup (1 969) sought t o explain 
the local ised format ion of the mudbank by 
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attr ibuting it to the rip currents. They said the 
rip f l o w , carrying finer of fshore sediments, 
prevents the onshore transport of sedin-ients 
by waves. Hence local isat ion of suspended 
sediments takes place at the rip head. 
Al though the rip currents are not fu l ly 
understood (Sverdrup et al 1942), we may 
believe that these currents are probably asso-
ciated w i t h the surface transport o f water 
against the beach by the waves (Shepard et al 
1941) The rip f l o w may thus be a concentrated 
backlash of the waves at the beach and hence 
its area of action is narrow. On the other hand, 
the postulated mechanism requires rip f l o w 
from behind the mudbank ( in between the 
mudbank and the beach). But backlash of 
waves from this hind zone is unl ikely as the 
area is calm. The backlash of waves might be 
possible only if the mudbank is far off f rom the 
coast, a l lowing wave act ion to take place in 
the hind zone, which is usually not the case. 
Therefore, the rip f l o w cannot be a c o m -
ponent of the work ing mechanism of the mud-
bank format ion. 
RESULTS OF THE PRESENT INVESTIGATIONS 
The f o l l ow ing is an account on the va r i -
ous more probable physico-chemical factors 
responsible for the format ion, maintenance 
and dissipation of the mudbanks, as revealed 
by the investigations carried out by the 
authors from 1971 onwards. 
Before dealing w i th the actual mechanism 
of the mudbank format ion, we may have to 
consider the geographical features of the areas 
surrounding the Al leppey mudbank, including 
the Vembanad lake and also the rivers empty-
ing into it. Vembanad lake is a vast water body 
lying almost paral lel to the coast f rom 
Al leppey in the south to Cochin in the nor th . 
Its opening to the sea is at Cochin. The lake is 
separated from the sea by a narrow strip of 
land of only about 10-13km w id th . Five rivers, 
namely, the Muvattupuzha, the Meenachil , the 
Pamba, the Manimala and the Achankoi l ,dis-
charge their waters into the lake. These rivers 
originate from the Western Ghats in the east 
and f l ow towards the west. 
There are evidences to believe that, in the 
past, the area, presently covered by Vembanad 
lake and the land strip in between the lake and 
the sea, was under the sea. During that per iod, 
the rivers, now f low ing into the lake, might 
have been directly discharging their water into 
the sea. Later on, owing t o some natural causes, 
such as cyclones, seismic sea waves and earth 
quakes, huge masses of sand and sediments 
might have got deposi ted in between the pres-
ent lake and the sea to make the Vembanad 
lake. Boring experiments conducted at various 
places (Brown; in : Br is tow 1938) on the west 
coast give supporting evidence to this. In one 
of the borings at Cochin (B rown 1928). the 
bed rock was found at 395 ft , whi le in another 
the hard bot tom was fel t at 650 f t . 
The admiral i ty charts and the recent echo 
surveys (Silas 1969) indicate that there is 
rocky substratum at about 75 m depth off the 
Kerala coast. Thus it seems that the entire 
vast area between the foo t of the hi l ls and at 
about 75 m depth o f f the coast was almost a 
deep basin, got subsequently f i l l ed up w i t h 
mud and sand, over which a sandy crust was 
formed at some places. The presence of 
marine shells be low 40 m at place like Kadu-
thuruthy near Vaikom, where the low- ly ing 
areas are all under paddy cul t ivat ion, gives a 
posi t ive evidence to this (there is a v iew 
that the name Kaduthuruthy is der ived f rom 
Kadalthuruthu; "Sea- i s land" ) . The foregoing 
account suggests that, be low the lake and 
the narrow strip of land, at least between 
Thottappal ly and Narakkal, there exists a thick 
layer of unconsol idated mud, which extends 
in to the sea. 
/ . Source of mud for Alleppey mudbank 
The Subterranean passage hypothesis 
(Crawford 1860) and the Waterbearing 
stratum hypothesis (Br is tow 1938) owe their 
leverage respectively to the hydrostat ic 
pressure of the backwater and to the hydraulic 
pressure in the foo t of the hi l ls . The bor ing 
experiments have revealed the presence of a 
clayey substratum of varying thickness. A l -
though no mention is found to have been 
made of the presence of a waterbearing 
stratum in the reports on borings of Cochin 
and Alleppey, the same has been reported to 
exist at 181 ' and at 312' in the Wel l ingdon 
Island bor ing, Davey's bor ings (at Al leppey) 
have shown the presence of mud, of varying 
compos i f ion , d o w n to 316' , whi le Crawford's 
bor ings at Al leppey revealed the presence of 
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sandstone t i l l a depth of 50 ' and then loose 
mud to a depth of 80' , in wh ich " the shaft 
sunk of its own from 60 to 8 0 " . Waterbearing 
stratum has been observed to be associated 
w i th sandy substratum, but surfacing of 
the stratum has not been indicated in any of 
the boring records. In the absence of th is , 
it cannot be bel ieved that water could 
permeate the over ly ing mud layers f rom great 
depths ( to greater heights) to crop up in the 
sea and on the shore. Further, it is doubt fu l 
whether such a massive hydraulic pressure 
could be developed at the foo t of the hi l ls as 
to feed the waterbearing stratum and to push 
the overly ing layers of clayey mud. Crawford's 
experience of violent e ject ion of water and 
vegetable debris from 12' be low, at a place 
200 yards f rom the beach at Alleppey during 
the construction of the Al leppey canal, obser-
vat ions o f ' L inus ' in the Chenganur river by h im, 
the presence of deep pot-holes in the water 
as reported by Logam (1882, in: Br istow 1938) 
and other available informat ion, all equally 
suggest that the pressure-head developed at 
the bed of rivers as we l l as at the backwater 
generates a subterranean passage of mud, 
which crops out at varying distances through 
weaker points both on land and in the sea. 
The present authors have observed, f irst 
t ime since Crawford, and Daveyand Lake, mud 
cropping up in the form of cones for about 9 to 
12 days during the monsoon of 1972, on the 
beach and at the in ter- t ida l zone at 
Kakkazham, near Ambalapuzha. Narrow (a few 
centimeters wide) cracks, 10 to 15 m long 
along the shorel ine, were observed on the sea 
side of the beach-mud cones, indicating sub-
sidence, whi le the mud cones at the intert idal 
zone feeding loose mud, as we l l as lumps of 
it, to the water f l o w i n g past the mud cones 
in its to and fro mot ion across the shoreline 
(See paper on mud cones) These observations 
too, support the subterranean passage hypo-
thesis for the Alleppey mudbank. 
//. Calmness associated with the mudbanl< 
The most striking character of the m u d -
bank is its calmness. The reasons for the pre-
vai l ing calmness over a restricted region,when 
all other places are highly wave-beaten, are to 
be considered. Several v iews have been put 
forward to explain this phenomenon. It is 
generally accepted that the calmness is brought 
about by the mud in suspension. But, the v iew 
that a purely physical process, say, the churn-
ing act ion of the monsoon waves causes the 
mud into suspension is not satisfactory. The 
fo l l ow ing hypothesis, evolved by the present 
authors, is of fered to explain the whole pro-
cesses leading to the calmness associated 
w i th the mudbank. 
A. Wave Propagation 
a) Movement of particles of the medium: The 
waves at the surface of the sea are caused 
either by w ind force or t idal force. Below 
the wave crest of a progressive wave, the 
horizontal mot ion of the particles is in the 
opposite direct ion of that under the trough.The 
particle attains maximum horizontal ve loc i ty 
(speed) when it is just below the centre of the 
crest or the t rough. During the f irst half of the 
wavelength, from mid- t rough to mid-crest, the 
particles experience vert ical ly donward ve lo -
cit ies. The vertical veloci t ies reverse in the 
second half of the wave length. The vertical 
speed is maximum at a point where the wave 
passes from trough to crest, or vice versa, and 
it is zero half-way between the crest or the 
t rough (Sverdrup et al 1942). Thus, as the 
wave form is propagated in the direct ion of 
wave mot ion , the indiv idual water particles 
involved in propagation of wave form are 
subjected to harmonic mot ions from their 
mean (undisturbed) posi t ion. 
Jeffreys ( in : Sverdrup et al 1942) pointed 
out that , w i t h i n surface waves (deep water 
waves) the individual water particles near the 
surface move in circular orbits, the radius of 
which is equal to the amplitude of the wave 
(a circular mot ion can be resolved into a 
simple harmonic mot ion ) . But the radii of 
these orbits, and therefore the velocit ies, 
decrease rapidly w i t h depth. According to 
the results of the classical hydrodynamics, the 
orbital paths of water particles in surface 
waves are el l ipt ical , covering w i th in the same 
t ime- interval , during which the wave travels 
over a distance of a wavelength (Die i t r ich et 
a l . 1980). The el l ipt ic orbit changes into a 
circular orbit, if the water depth exceeds half 
the wave length, when the ampli tude is very 
small compared to the wavelength (Newman 
1978). Theoretical ly, the diameter of orbits 
at a depth of one-half the wave length is only 
one-twenty- th i rd of the corresponding diameter 
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at fhe surface. Regardless of the actual 
depth, the character of the wave therefore 
remains unaltered, if the depth to the bot tom 
is greater than that short distance. 
b) Summary of motion at surface: In a sur-
face wave, let us assume, the wave mot ion is 
in the 'x ' d i rect ion and let the distance 'x ' and 
the t ime ' t ' be reckoned f rom a po in t when 
the wave passes its equi l ibr ium posi t ion from 
trough to crest. Then the funct ional repre-
sentations in terms of x and t of the def lec-
t i on (y ) o f the sea surface f rom its posi t ion 
of rest, the horizontal ( VH ) and vertical (Vv ) 
velocit ies of the particles of the f lu id medium 
at the surface may be wr i t ten (Dietr ich et al 
1980 and Starling 1947) as 
y - a S i n 2 . ("f " 7 ) 
V „ = . V H o S i n 2 > t ( ^ ^ - - Y ) 
Vv «= Vvo Sin 2»t 
where x is wave length , T is the period of 
wave, a is the maximum value of y (amplitude 
of the wave), VHO and Vvo ai'e maximum values 
of VH and Vv respectively. The magnitudes of 
VHO and Vvo are equal for deep water waves 
but they di f fer for shal low water waves. 
The behaviour of the parameters of the 
particle mot ion at the surface as the wave 
completes a cycle of wavelength is indicated 
schematically in f i g . 1 by d iv id ing the circle 
into four quadrants corresponding to the four 
quarters of the wave length. The length of 
an arrow in each circle represents the magni-
tude of the parameter for wh ich the circle 
stands. Ant ic lockwise d i rect ion is treated as 
posi t ive. The zero point in each circle repre-
sents the starting point of the parameter. The 
rise of the wave is indicated by y which reach-
es Its maximum at x =• - r 
4 
to the zero level at x -. — . 
height of the wave is negative (be low the 
mean level) and it reaches the negative maxi-
mum (trough maximum) at x = Jx f rom where 
, thereafter it fal ls 
A f te rwa rd ; the 
.* - " -
^ _ ^ 
^ I If u 
' f 
S \ > "' 
^ \ ^ 
\ 
Wavt propagation 
\ 
VH X 
4 • o-X-*" 
/ 
/ 
/ 
J^ 
Fig. 1 Schematic representation of motion of a particle at the surface over a wavelegth 
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its magnitude decreases unti l it becomes zero 
at X = X. 
The horizontal veloci ty is fo rward during 
the crest period and it reverses during the 
trough per iod. As it varies in phase w i th 
wave height, the magnitude of the horizontal 
veloci ty reaches its maximum at x = -7-and at 
X = | x . 
Whi le the hor izontal veloci ty of the par t i -
cle varies in phase wi th the waveheight (par-
t ic le height) , the vertical veloci ty varies out of 
phase w i t h it. The vertical ve loc i ty leads the 
wave height by one-four th of wavelength, 
therefore it is zero at the peak crest or t rough. 
Owing to the decrease of veioci ty w i t h 
depth, the fo rward ve loc i ty of the particle, 
when it is above the mean depth, exceeds the 
backward ve loc i ty of it when it is be low the 
mean depth. Therefore over a cycle of one 
wave- length the particle does not return to its 
original posi t ion but it experiences a net for-
ward mot ion, result ing in net f l o w in the 
direct ion of progress of the wave. (Sverdrup 
et al 1942). 
In the case of shal low water, the fact that 
the vertical mot ion cannot exist at the bot tom 
modif ies the character of the waves. At the 
bottom the mot ion can be only back and fo r th , 
and, if the depth is small compared to the 
wave length, the mot ion w i l l remain nearly 
horizontal at all depths. Actual ly, the orbits 
of the indiv idual water particles w i l l be f lat 
ell ipses that become more and more narrow 
when approaching the bot tom and at the bot-
tom they degenerate into straight lines. Thus* 
all the particles involved in wave propoga-
t ion move in dif ferent but systematic ways. 
B. Viscosity 
As the particles involved in wave propa-
gat ion experience relative mot ion , either h o r i -
zontal or vertical or both , here comes the 
effect of the internal f r ic t ion (v iscosi ty) of 
the medium in wh ich the waves are propa-
gated. 
a) Newtonian viscosity : If relative mot ion 
occurs, v iscosi ty or internal f r ic t ion is exper i -
enced by the f l u i d . It was assumed by Sir Isac 
Newton that, for a f l u id moving in parallel 
layers, the shearing stress at any point—where 
the ve loc i ty gradient is perpendicular to the 
du 
direct ion of mo t ion , -j is d i rect ly pro-
port ional to the value of the gradient, so that 
the f r ic t ional stress, f, per unit area is given 
by: 
du 
f = r ) - 7 -
' dz 
where f), a characteristic constant for the 
f lu id , is called the coeff ic ient of veloci ty. 
Newton 's assumption was found true as long 
asthe mot ion is laminar (non-turbulent), (New-
man and Searle 1951). The values of v isco-
sity (in 103 times c.g.s. units) of pure water 
and of seawater of 35%o salinity at di f ferent 
temperatures are given in the f o l l ow ing table 
(from Sverdrup et al 1942.) 
Temperature °C 
0 10 15 20 25 30 
Pure water 17.9 15.2 13.1 1 1 4 10.1 8.9 8.0 
Seawater 18.9 16.1 13.9 12.2 10.9 9.6 8.7 
Viscosity decreases w i th increasing tem-
perature. Viscosity of seawater is correspon-
dingly higher than that of pure water at all 
temperatures. The effect of pressure on the 
v iscosi ty in the case of seawater is found to 
be insignif icant. 
b) Viscosity of the medium of mudban/(: Let 
us study how the waves are damped once 
they enter into the region of mudbank. The 
mud particles present in a vertical column of 
the mudbank is treated to exist in three d i f f e -
rent phases. 
/. Phase I (Thixotropic phase) : As early as 
1923,A. Szegvari and E. Schaiek (in Glasstone 
195) found that when concentrated pasty mass 
of ferric oxide is mixed w i t h suitable quanti-
ties of electrolyte in aqueous solut ion, on 
shaking, formed col lo idal so lu t ion. This 
phenomenon has been cal led ' th ixot ropy ' by 
Petri f i (1927). Subsequently, this was also 
observed in other co l lo ida l systems such as 
alumina, si l ic ic acid, vanadium pentoxide, zir-
conium d iox ide, stannic oxide and even w i th 
suspension of f ine clays. The analysis of the 
mud col lected from the mud cones showed 
that it contained ferric oxide in f inest clayey 
form. 
14 MUDBANKS 
The mud part icles in this phase are very 
f ine, ultramicroscopic, and they are subject to 
l iqui fact ion by agitat ion ( th ixot ropy) . 
//• Phase 11 (Solphase) : The mud particles 
which are t o be treated under th is phase are 
microscopic. However, they do not enter into 
l iquifact ion but remain as sols or Suspensoids. 
The viscosity of the medium is tremendously 
increased by the presence of such suspensoids 
for which state of solut ion Albert Einstein 
der ived the formula 
7 ) c = Tf)o (1 + 2 . 5 0 ) 
where "iQo = viscosity of solvent, 
TQc = viscosity of solut ion 
(J) •» volumetr ic concentrat ion of 
soi ls. 
According to Einstein the volumetric concen-
trat ion of particles (sols), i. e., the aggregate 
volume of the suspensoids, not their size, 
come into picture. Thus the presence of sols 
in the medium increases its viscosity by 2 5 
times the volumetric concentrat ion of the sols. 
For higher concentrat ion a term in Qf^ has to 
be added (Encyclopaedia Britannica, 1973). 
Hi Phase III (Gravity-influenced phase): The 
mud particles encountered in the th i rd phase 
are so big in size that they are subjected to 
gravity where Stokes' theory is applicable-
Assuming the mud particle in the th i rd phase 
be spherical, according to Stoke's law, its rate 
of fa l l w i l l be inversely proport ional to the 
viscosity of the l iquid and direct ly proport io-
nal to the relative density of the particle w i th 
respect to the density of the l iqu id. Accor-
ding t o this law, the terminal veloci ty v, wh ich 
is steady, is g iven by 
V = 
2 ( P - < j ) r 2 
o g — V , — 
where v is the rate of fal l of the particle, >) is 
viscosity of the l iqu id , a is the density of the 
l iquid, p is the density of the particle and r is 
its radius, and g is acceleration due to grav i ty . 
Therefore, the fract ion of the mud that has 
entered into the th ixotropic phase w i th sea-
water increases the viscosity of the latter. 
Seawater and the thixotropical ly l iqui f ied mud 
fract ion form the medium for the suspensoids 
which are const i tuted by the fract ion of mud 
under the second phase (sole phase). Now the 
sols, th ixotropic particles and seawater all 
together const i tute the l iqu id medium for the 
suspended mud particles that are accounted 
under the last fract ion wh ich is inf luenced 
by gravity. Thus at every stage the viscosity 
of the medium is stepped up w i th the result 
that the particles categorised under the last 
fraction w i l l experience tremendous amount 
of resistance to their fal l due to the viscosity 
of the medium. Thus the effective viscosity 
of the medium depends upon the relative 
fractions of the mud entering into the first t w o 
phases. In case mud is present in seaw&ter 
only in the gravi ty- inf leuced state, the vis, 
cosi ty of the medium in that case remains the 
same as that of seawater at its corresponding 
sal inity and temperature only. 
Wi th the understanding of three-stage 
( fo ld) increase of viscosity— seawater, th ixo-
tropic so lu t ion and sol phase state—of the 
medium, where large-size mud particles are 
suspended, let us go back to the propagtion of 
waves in such a l iquid medium. 
The wave propagation involved horizontal 
and vertical osci l la t ions of the particles of the 
l iquid medium as we l l as the suspended 
gravi ty- inf luenced mud particles. The particles 
of the l iquid medium are equipped w i th high 
viscosity, resisting their relative mot ion , whi le 
the movement of the gravi ty- inf luenced mud 
particles is subjected to the inf luence of 
gravi ty and viscosity of the medium together 
As a consequence of th is, the particles of 
the medium, as we l l as the gravi ty- inf luenced 
suspsnded mud particles in i t , suffer a loss of 
vert ical and hor izontal veloci t ies. Hence it 
results in reduction in amplitude of the wave 
The mor° the fract ion of mud ident i fy ing itself 
w i t h the medium under the f irst t w o phases-
the more wou ld be the viscosity of the 
medium, and the greater wou ld be the red-
uct ion of ampli tude of the waves. Thus, as 
the wave damping occurs, the mudbank enters 
into tranqui l l i ty, whi le the neighbouring region 
is wave-beaten. 
The relat ive fract ions of the mud entering 
into the three stages, namely, the th ixot ropic 
phase, the sol phase and the gravity- inf luenced 
suspended stage, explain other characters of 
the mudbank region, such as stabi l i ty and 
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longevi ty of a mudbank. In case the f irst t w o 
fractions are suff ic ient ly high, wh ich ident i fy 
themselves w i t h seawater in const i tut ing the 
medium, they remain for long in the medium 
supporting the longevity, intensify of calmness 
and stabi l i ty of mud bank. If the entire mud 
remains solely in the gravi ty- inf luenced sus-
pended particle state, as the viscosi ty of the 
medium in that case reduces merely to that of 
seawater at its own temperature and salinity, 
the system cannot offer any calmness to the 
mudbank. Such a s i tuat ion is experienced 
many times at mudbank regions and else-
where where the water was apparently 
muddy, but the waves are found lashing 
w i th in such areas even under calm wind 
condit ions. 
The AUeppey mudbank, where calmness 
is of higher grade and which remains fc f 
months together when compared to other 
mudbanks, wh ich remain only for a few days, 
speaks about its richness in the first t w o fra-
ct ions of the mud. 
One is tempted to solely attr ibute the 
wave damping in the mudbank region to the 
bottom mud. It is interpreted that the mud 
acts as a semisol id jel ly to absorb the wave 
energy. This concept ignores the physical 
state of the l iquid column standing above the 
bot tom mud. Moreover, as the wind-waves 
are caused at the sea surface, the or igin of 
wave propagation rests primari ly at the surface 
waters buf not at the bot tom mud. McPherson 
and Kurup (1981) developed an interesting 
mathematical model for the wave damping at 
the mudbank region. Their model is in fact 
based on the mathematical model developed 
by Gade (1958). In the above mathematical 
model a two-layer system, the lower layer 
representing the sediment and the upper layer 
representing the water above, is considered. 
In this two- layer model, the bot tom layer is 
assumed to be homogenous and the top layer 
fr ict ionless. It is the experience of the 
authors that the mud is mofe and more con-
centrated towards the bot tom. Setting aside 
the question of homogeneity of bot tom layer, 
what is more important is the f r ic t ional char-
acter o f the top layer (water co lumn), wh ich 
offers resistance to the mot ion set in it. 
Therefor* , the physical condit ions assumed In 
that mathematical model are not identical w i th 
the mudbank condi t ions prevail ing here. 
DISSIPATION OF MUDBANKS 
Towards the end of monsoon, as the rain 
decreases, the water level in the backwater 
gets reduced to the normal, leading to 
reduction in hydraulic pressure in the subter-
ranean strata which f inal ly results in the 
cessation of supply of fresh mud. As the 
monsoon gets weakened, the turbuiance of 
the water column also gets reduced and mud 
in the bank settles d o w n causing dissipation 
of the banks. 
During the mudbank season, the l i t toral 
currents are observed to be always southerly 
and the local t ides have no inf luence on the 
direct ion of current. Toward the end of August 
the currents start reversing, thereby setting in 
offshore and northerly components (refer 
Chapter 10). The suspended and loose mud of 
the bank is gradually taken off by these 
veering currents. 
Thus, towards the end of monsoon, in the 
absence of fresh supply of mud into the water 
column, the already available mud fraction 
which increases viscosity, gradually diminishes 
and the mudbank dissipates. This leads to the 
fading of calmness over the mudbank. Then 
the rough condi t ions set in irrespective of the 
presence or not of gravi ty- inf luenced mud 
particles in the water. 
MOVEMENT OF MUDBANKS 
It has been observed that the mudbanks 
exhibit s low movement (in course of t ime), 
usually in a southward di rect ion. In the case 
of the permanent mudbank of Al leppey, the 
investigat ions carried out by the authors 
showed that the mudbank moved from the 
place of incidence by about 0.5 to 2 km year 
to year southward. The table g iven be low 
shows the pattern of movement of th is mud-
bank during 1972 to 1981. 
Year 
1971 
1972 
1973 
1974 
1971-
1981 
1981 
•80 
(1) 
(2) 
Place of occurrence 
Northern 
limit 
Kakkazham 
Kakkazham 
Karoor 
Purakkad 
Chennankara 
Chennankara 
Paravoor 
Distance 
from Alleppey 
Soutliern to the northern 
limit limit of 
mudbank (km) 
Ambalapuzha 
Karoor 
Purakkad 
Chennankara 
Thottappally 
Pailana 
S. Punnapra 
13 
13 
15 
18 
20 
20 
5 
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The table indicates that the period of 
rapid shi f t of mudbank was from 1972-75, 
during wh ich period it moved a distance of 
8 km from Kakkazham to Thottappal ly. A f te r -
wards the rate of movement was s lowed 
down or became rather n i l . However, in 1981 
the l imit of the mudbank was extended up to 
Pallana, south of Thottappal ly sp i l lway. The 
possibi l i ty of fresh discharge of mud in the 
nearshore areas at Pallana in 1931 or anywhere 
north of this place during the previous years 
also cannot be ruled out. In this year a fresh 
mudbank of approximately 4 km long was 
formed at Punnapra (Paravoor-south Punnapra), 
about 14km north of Chennakara. 
The mud from the place of discharge 
gradually moved southward due t o the then 
southerly f l ow of the water. This movement 
was cont inued t i l l the beginning of the 
northeast monsoon winds, and the subsequent 
reversal o f the southerly dr i f t , when con-
d i t ions had already set in for the dissipat ion 
of the mudbank. 
During the process of the movement, it 
has been found that the finer particles of mud 
at the bot tom were always deposited at the 
down-d r i f t s ide, wh i l e coarser particles are 
left out near the source. A series of mud 
samples col lected f rom the mudbank and the 
surrounding places ful ly support this v iew. 
DIFFERENT TYPES OF MUDBANKS 
The mudbanks can be classif ied into four 
major categories based on the source of mud: 
1. Mudbanks formed by subterranean mud: 
e.g., Alleppey mudbank, described above. 
2. Mudbanks formed by the aggregation of 
coastal mud: e.g., Parappanangadi-Tanur mud-
bank. 
In th is case, the mudbank is very extensive, 
stretching over several ki lometres along the 
shore, but is very temporary. There is no 
calmness as the nongravi ty- inf luenced mud 
particles in the medium do not absorb all the 
wave energy. By the effect of the southwest 
monsoon, the mud present in the coastal mud 
belt is churned up and, at this t ime, if the 
prevail ing environmental condi t ions are f a v o -
urable to the format ion of the mudbank, the 
mud wi l l be brought very near to the shore 
and thus a mudbank w i l l be fo rmed. Once 
such favourable condi t ions cease to exist, 
these mudbanks disappear suddenly. 
3. Mudbanks formed by the sediments and 
organic debris discharged from rivers and 
estuaries : e. g. , Chellanam-Manassery 
(Cochin bar mouth) , Narakkal (The Azhikode 
bar mouth) , Valapad-Nattika (The Chetwai 
river mouth) , Elathur (The Korapuzha river 
mouth) , Quilandy (The Kuttiyadi river mouth) , 
Muzhippi langadi(The Dharmadam river mouth) , 
Kot t iku lam-Ajanur-N-Bel la-Adakathubai l (The 
Chandragiri river mouth) , Kumbala (The Kum-
bala river mou*h), Uppala (The Uppala river 
mouth) and Ul lal (The Netravati river mouth) . 
The f l o o d waters coming d o w n from 
rivers and lakes during the heay rains of the 
southwest monsoon bring huge quantit ies of 
sediments and other organic matters, wh ich 
are dumped at the estuary and bar mouths. 
These sediments are always aggregated on the 
southern side and are held up there for a 
whi le by the southerly f l o w and the local eddy 
currents. Once the water force f rom the lakes 
and esturies is reduced, and the current 
reversed, the mud is spread out and the 
mudbank gradual ly disappears. 
4. Mudbanks formed by the accumulation of 
mud resulting from dredging operations: e g , 
mudbank at Vypeen, Cochin. 
At Vypeen, north of Cochin bar mouth, 
accumnlation of mud is observable r ight f rom 
the shore. This mud is the result of periodical 
dredging operations done for deepening the 
navigat ional channel. Here the water over a 
w ide area is calm due to this mud accumula-
t i on . 
MUDBANKS AND COASTAL EROSION 
It was observed that the si l t -clay f ract ion 
was more on the southern side of the mudbank, 
wh i le its northern side is sandy (see Chapter 
f i ve ) . The southerly gradient of finer size of 
grain is due to the effect of l i t toral currents 
wh ich are souther ly . Occurrence of erosion 
along the coast during the southwest mon-
soon period is not uncommon. One may 
expect that the beach material eroded by the 
inshore waves and l i t tora l currents may be 
deposited down stream at a place south of 
the erosion area. Occasional ly erosion is 
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faking place on the down-stream side of the 
mudbank The mudbanks are ahead of erosion 
areas w i th respect to the l i t toral currents. 
Padmanabhan and Eswara Pillai (1971) 
explained the infleunce of mudbank on erosion 
process as fo l l ows : 
"iVlost of the movement of materials is 
caused by waves approaching the shore at an 
angle. As the material so transported reaches 
the mudbank areas, its further movement is 
arrested as a result of the absence of waves 
in this area. This material thus got trapped 
w i th in the mudbank cannot reach the down-
dr i f t side- The shore immediately on the down-
dr i f t side suffers from a lack of supply of 
l i t toral material, and the coast is eroded to 
make up the de f ic iency . " 
It is d i f f icu l t to comprehend, unless some 
eddy currents are thought of, how the coast 
on the hind side of the mudbank gets eroded, 
due to the simple reason that the shore 
immediatley on the down-dr i f t side suffers 
f rom the lack of supply of l i t toral material. 
FOUR 
SOURCE OF M U D OF ALLEPPEY M U D B A N K : 
M U D CONE A N D THE MESSAGE IT CONVEYS 
C. p. GOPI NATHAN, A. REGUNATHAN, D. S. RAO, K. J . MATHEW and A. V. S. MURTHY 
ABSTRACT 
The chapter embodies the authors' findings, and the 
logical conclusions they drew from them, on the mud cones 
(or 'mud volcanoes') they found In the intertidal zone and 
on the beach of the Alleppey mudbank region in 1972. Their 
experiment with regard to these mud cones confirm beyond 
doubt the viscous nature of the mud that underlies at 
Allepey, and its being, for all probability, the source of 
Alleppey mudbank. 
Similar mud cones observed earlier by some workers 
are also discussed briefly. 
INTRODUCTION 
Crawford (1855) was the f irst to report 
on the mud cones, or 'mud volcanoes,' at 
Al leppey. He has inferred f rom this pheno-
menon that there exists a subterranean mud at 
Al leppey that may be the source of mud for 
the Alleppey mudbank. Subsequently, Phi l ip 
Lake (1889) and Davey (1903), t o o , observed 
mud cones at Al leppey. However, after 1903 
there had been no further records of mud 
cones in this region and, therefore, their role 
in the format ion of mudbanks was not taken 
seriously. But, in the course of our intensive 
invest igat ion on the mudbanks of the Kerala 
coast we came across active mud cones in the 
vic ini ty of the mudbank, that formed at 
Ambalapuzha, in July 1972. The fo l l ow ing 
account describes in detai l these mud cones 
and the insight they give into the nature of 
the underlying mud at Al leppey region, wh ich 
in all probabi l i ty contr ibutes the mud for the 
format ion of mudbank at Al leppey, as wel l as 
into the mechanism by which the mudbank 
is brought about. 
OBSERVATIONS 
Six active mud cones, in dif ferent stages 
of format ion, were seen at Kakkazham, a place 
about a kilometer from Ambalapuzha, about 
18 MUDBANKS 
the northern l imit of the mudbank then in 
existence (See, Fig. 1), of wh ich three were on 
the beach, a few meters away from the h i gh -
7«'^0 
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N 
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Fig. 1. Diagram showing the places of mud 
cones at the beach and at the inter-tidal 
zone, and the cracl<s observed on the beach. 
water mark, and three in the water at the i n -
tert idal zone (see Table 1). One of the cones 
that were in the intert idai zone, measuring 7.5 
meters across, was found feeding the waves 
TABLE 1. 
Mud cone 
In water 
1 
2 
3 
On shore 
4 
5 
6 
Details of the mud cones at 
Kakkazham, observed in 1972. 
Mean Heig 
diameter cone 
ht of 
from 
(cm) ground level 
(en-
at centre 
425 — 
535 -
750 
271 40 
128 17 
106 20 
') 
at peri 
Dhery 
— 
— 
— 
27 
15 
15 
Distance 
between 
cones 
(m) 
2 
45 
25 
34 
w i th loose mud as wel l as lumps of i t . wh i l e 
in others fresh mud was oozing out adding to 
the cones. There were also ' c racks ' found to 
have developed in three places on the surface 
of the beach more or less parallel to the shore, 
about 29 m away from the mud cone that was 
feeding the waves. Each crack was about 2 cm 
wide,10 to 15 m long and separated from each 
other by about 3 to 5 m (Plate l ,A& B). During 
the high t ide the sea water covered this area, 
obl i terat ing the cracks, but they reappeared at 
the t ime of low t ide. 
Attempting t o gauge the depth of mud 
beneath the cones, we found that a ha i f - inch-
thick Gl pipe fa i led to touch any hard bo t tom 
even when inserted to its fu l l length of 6 
meters; but when t i l ted the hard sides could 
be fel t all round, showing that the cones were 
mounts, crusted by exposure, of loose mud 
emerging out of what appeared to be deep 
wel ls , fu l l of sof t and unconsol idated mud. In 
the t idal zone Qnes, on the other hand, this 
emerging mud, as and when it d id , was carried 
away by the waves, and what remained was 
only open mud wel ls, wh ich at t imes could be 
like quagmire, very dangerous to f ishermen. 
This is borne out by a sad incident fo ld us by 
the f ishermen when we enquired why a part i -
cular spot on the tidal zone was marked out by 
a partly buried coconut trunk (see: Plate IV, C). 
A few days earlier to our v is i t , we were to ld , a 
boy, jumping into the water f rom a home-
bound canoe, to haul it ashore, had, instead, 
jumpedunnot ic ingly into one of these gaping 
holes and sank down to its depth,in such a 
way that even his body was not able to be re-
covered. It was this mud w e l l , wh ich was later 
covered by sand brought by the oncoming 
waves, that was thus marked, to ward off any 
further accidents. 
The mud cones, which were active when 
the S. W. monsoon was intense, became inac-
tive or subsided w i t h the subsidence of the 
latter, obviously because the forces then res-
ponsible for bringing the mud out from bene-
ath had now languished. Wi th in a f ew days 
the upper crust of the beach cones became 
hard and broken d o w n to pel lets, due to sun 
l ight (Plate I I , A-C); but those in the intertidai 
zone gradually subsided and covered over by 
sand deposited by the onshore waves (Plate 
I I I , A) . 
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Table 2 gives the successive changes the 
mud cones undergo during a period of t ime. 
TABLE 2. Observations on the behaviour of 
cones at Kal<l<azham 
IVIudcone Date of 
No. forma-
tion 
At the inter-
tidal zone 
1 19-7-72 
2 197-72 
3 27-7-72 
On the beach 
4 18 7-72 
5 14-7-72 
6 15-7-72 
Active 
phase 
(days) 
12 
9 
10 
9 
10 
12 
Dormant Date of 
phase 
(days) 
6 
9 
3 
10 
9 
11 
complete 
subsid-
ence 
6-8-72 
6-8-72 
9-8-72 
6-8-75 
2-8-72 
5-8-72 
DISCUSSION 
Toward the close of the last century and 
the beginning of the present, the subterranean 
mud was held to be the source of mud for the 
Aileppey mudbank by those authors who had 
chances to observe mud cones. However, the 
laterinvestigators, who never had any oppor-
tuni ty of seeing the phenomenon in operat ion, 
were reluctant to accept th is v iew and they, 
instead, suggested alternate views about the 
source of mud for the Aileppey mudbank (see 
Chapter 3). 
Crawford (1855), on seeing the mud cones 
in operation on the beach and on the roads of 
Ai leppey, wrote that " the beach and roads 
presented then a singular appearance, nothing 
to be seen but these miniature volcaneso, 
some si lent, others act ive" . He also noticed 
subsidence of shore, after or during the rains, 
causing long fissures, varying f rom 120 to 360 
f t in length. 
Phil ip Lake (1899) also had the experience 
of seeing mud cones and land subsidence in 
the v ic in i ty of the Ai leppey mudbank. He 
found subsidence of land to a depth of 2-3 f t ; 
the strip of shore subsided being to 60 ft 
in breadth and 900 ft in length. Further north 
of this he found the shore sunk in l i t t le steps 
so that there were a number of " l i t t l e terraces" 
each a few inches high, rising one above the 
other f rom the sea towards the shore. At the 
northern end, w i th in the inter-t idal zone, a 
heap of mud rose to a height of 2 or 3 ft 
above the level of the sand. A l l along the 
seaward edge of the subsided areas there 
were a number of "bas in-shaped ho les" in 
the sand having a diameter of 4 to 5 ft and 
a depth of 3 to 4 f t . In 1903, Davey had 
observed mud ooz ing out, as f rom l i t t le 
vo lcanoes, a l l around the o ld pier (Ai leppey 
pier) and br inging w i t h it decayed stems of 
trees. 
Our observat ions wel l conf irm these earlier 
observations and conclusions. The occurrence 
of cracks on the beaches, suggesting the sink-
ing of the coast l ine, and eject ion of mud in 
the form of mud cones (and the cont inuing 
ooz ing of mud through i t ) show beyond doubt 
that the source of mud for the Aileppey mud-
bank is of subterranean or ig in , the mec-
hanism of bringing it out being the same as 
indicated by the format ion o f the mud 
cones. 
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MUD CONE 
i" '^*' 
issr..i,.-
Piate-I-A: The mud, in pellet form, scattered all over the 
beach- Also seen is a long crack along the beach 
as a result of subsidence. B: A close>up of the 
crack showing the subsidence of the seaward 
portion of tha land. C: An active mud cone. 
Plate-II.A: Thedry crust of a dormant cane; B: The mud 
cone starts suosiding. C; A fu'ly subsided mud 
cone. 
MUD CONE 
I . » 
Plate-Ill. A: Asubsided intertldal mud cone covered cverby 
sand. B&C: Measuring the depth of the mud 
cone with a 6-m G. I. pipe. 
/.r-?=* 
by Plate-I7.A: Tha windward limit of the mudbank marked 
the breaking of the waves, 
B: An active mud cone seen fesding the waves 
with subterranean mud. C: The spot, marked 
by a coconut trunk, where the mud well had 
been, in which a boy was reported to have sunk' 
FIVE 
MUD OF THE MUDBANK; ITS DISTRIBUTION AND 
PHYSICAL AND CHEMICAL CHARACTERISTICS 
D. S. RAO, A. REGUNATHAN, K. J . MATHEW, C. P. GOPINATHAN and A. V. S. MURTHY 
ABSTRACT 
Description of the texture, grain size, thickness 
and chemical properties, including mlnerological-
studies, of the mud in the mudbanks is given. An 
echosurvey conducted in the mudbank revealed 
the pattern of distribution of mud and the extent 
of the area of the mudbank, which would provide 
answers to problems connected with the formation 
of the mudbank and the associated calmness. 
INTRODUCTION 
The mud being the chief component of the 
mudbank, a through study on the texture, 
the thickness of the deposit, the grain size and 
chemical properties of the mud wou ld provide 
answers to many problems concerning the 
mudbanks, wh ich , therefore, formed a major 
part of study during the present invest igat ions. 
The earlier authors who attempted to study 
the physico-chemical aspects of the sedi-
ments of the mudbanks are Ducane et al 
(1938), Dora et al (1968) , Gopinathan and 
Qasim (1974), Jacob and Qasim (1974) , 
Kurup (1977) and McPherson and Kurup 
(1981). I 
MATERIAL AND METHODS I 
Mud samples were col lected regularly f rom 
June 1971 to September 1972 f rom 4 stations 
between Kakkazham and Purakkad. The sta-
t ions f ixed were at Kakkazham (Stat ion 1, near 
to the coast, and Stat ion 2, away from the 
coast) , Ambalapuzha (Stat ion 3) and Karoor, 
near Purakkad, (Stat ion 4) . The Stations 2-4 
were parallel to the cost, about 1 km away and 
were separated f rom each other by about 1.0 
km each (Fig. 1). A Van veen type grab of 
0.03 m» was used for sampling the mud. The 
highly unconsol idated nature of the mud did 
not permit the grab at t imes to close. These 
samples were studied for their texture, grain 
size and chemical properties. 
^ 1 1 
• . 2 - • 
3 
'4 
VALANJAVAZHl 
KAKKAZHAM' 
; / AMBALAPUZHA 
N 
i 
1-4 STATIONS 
,KARQOR 
PURAKKAD 
Fig, 1. Station positions, where seasonal observations 
were made at Alleppey mudbank. 
An echo survey at the mudbank area was 
carried out on 18th May 1975, to s tudy the 
distr ibut ion and thickness of the mud deposit 
and also to understand the actual extent of the 
mud deposit in the mudbank. A Simrad Echo 
sounder of model EX 38 w i th a transducer 
10 X 20 cm of model 65 R was used for this 
survey. The survey was carried out in t w o d i r -
ect ions, one parallel to the coast along the 3-
metre depthl ine covering a distance of 5 km 
from Thottappal ly in the south t o Kakkazham 
in the north and another perpendicular to the 
coast at Purakkad from 2 m depth to 12.5 m 
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depth o f f the shore for a distance of 3 5 km. 
During the survey, mud samples were col lected 
from 8 stations (Plate 1) Al l the samples were 
subjected to grain-size analysis by s iev ing. 
Measured quantit ies of the oven-dried sed i -
ments were dispersed overnight in 0 025 N 
solut ion of sodium-hexa-meta phosphate. The 
silt and clay fract ions were separated by 
washing the dispersed sediments using a 63/^ 
sieve. The coarse fract ions retained in the 
sieve were dried and examined under the 
microscope. 
The mudbank sediments were compared 
w i th samples col lected f rom Elathur (Calicut) 
mudbank and Vembanad Lake. The mud 
samples I and II were f rom the Elathur mud-
bank (Table 3), sample III f rom the mouth of 
the Korapuzha river and sample iV f rom a s ta-
t ion near the rai lway bridge across Korapuzha. 
The sediments were analysed according to the 
methods ment ioned by Sankaram (1966). 
OBSERVATIONS AND RESULTS 
the mud of the mudbank is mostly s i l ty -
clay in its nature (Table 1). Relatively a higher 
percentage of sand was observed at stat ion 1 
than at the other stat ions. The sandy nature of 
the mud at this stat ion may be attr ibuted to 
the proximity of the station to the shore and to 
the wave action at the periphery close to this 
s tat ion. Whi le stations 2 and 3 show less sand 
in the samples, station 4 showed a high per-
centage of c lay-s i l t f ract ion. This may be due 
to its posi t ion in the highest depth contour 
where the nearshore activi t ies have less impact 
on the sediments. 
The sandy nature of the bot tom at station 
1 during the non-mudbank season clearly 
shows the infleuce of anchoring and other 
act ivi t ies of the mechanised boats on the 
otherwise sur f - r idden bot tom. The present 
TABLE 1. Monthwise sand and silt-clay contents of sediments("%) in the area of Alleppey mudbank. 
St. 1 St. 2 St. 3 St. 4 
sand s i l t -c lay sand si l t -c iay sand s i l t -c lay sand si l t -clay 
Jun. 
Jul. 
Aug. 
Sept. 
Oct. 
Nov. 
Dec. 
Jan. 
Feb. 
Mar. 
Apr. 
May 
22 
15.71 
0.28 
0.82 
3.02 
5.04 
8.72 
13.40 
15.28 
27.30 
32.10 
100.00 
100.00 
84.29 
99.72 
99.18 
96.98 
94.96 
94.28 
86.60 
84.72 
72.70 
67.90 
~ 
— 
2.30 
0.80 
0.72 
2.80 
3.00 
4.25 
6.30 
8.00 
8.20 
9.00 
9.50 
8.10 
97.70 
99.20 
99.28 
97.20 
97.00 
95.75 
93.70 
92.00 
91.80 
91.00 
90.50 
91.90 
2.20 
0.78 
070 
1.70 
2.80 
4.00 
6.00 
6.70 
6.90 
8.92 
8.71 
8.00 
97.80 
99.22 
99.30 
98.30 
97.20 
96.00 
94.00 
93.30 
93.10 
91.08 
91.29 
92.00 
1.00 
— 
— 
0.27 
0.30 
0.72 
1.20 
1.72 
2.78 
2.78 
2.78 
2.00 
99.00 
100.00 
100.00 
99.73 
99.70 
99.28 
98.80 
98.28 
97.22 
97.22 
97.22 
98.00 
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investigation showed that the mudbank sedi-
ments are predominantly of clay and silt 
fractions and the sand fract ion is negl ig ib le. 
Extent of mudbank and distribution of mud 
The echo survey conducted off Ambaia-
puzha (remnants of 1974 mudbank) and 
Purakkad (the active mudbank in 1975) gave 
some very interesting results w i th regard to 
the extent and nature of the mud deposits. 
Samples col lected during the echo survey 
were analysed for particle size and the details 
of the analysis are given in the f o l l o w i n g 
table: 
TABLE 2. Details of mud analysis. 
St. Depth Silt-Clay Sand Grain size Average 
Nos. (m) fraction fraction (mm) grain(mm) 
Thottappaliy 
1 
2 
3 
4 
5 
6 
2.5 
4.0 
6.0 
8.0 
11.0 
12.5 
Kakkazham 
7 4.5 
99,40 0.56 0 .08 -0 .220 0.136 
96.64 3.36 0.086-0.300 0.143 
99.12 0.88 0.066-0.283 0.140 
9b.72 1.28 0.066-0.250 0.140 
95.84 4.16 0.050-0.266 0.133 
98.60 1.40 0.050-0.250 0.131 
90.26 9.84 0.050-0.400 0.150 
8 4.0 n i l sand 
only 
Analysis of the sediments showed a high 
percentage of si l t-clay fract ion (99.4%) and 
only a negl igible percentage of sand. The com-
posi t ion of the sediment at Thottappal iy was 
in the order of 90% si l t -c lay and 10% sand, 
but the sediment at Kakkazham d id not show 
any trace of si l t-clay indicating the northern 
l imit of mudbank. Ducane et al (1938) re-
corded a high percentage of clay content in 
the mudbank sediments. A high s i l t -c lay 
f ract ion ranging f rom 85.9% to 99.7%, w i th 
values clustering around 98.2%, was observed 
by Dora et al (1968) . 
The echogram (Fig 2) revealed that the 
mud of the mudbank was in a heap w i th a 
vertical thickness of about 2 m at the centre 
situated around 2 m bathymetric line of f 
Purakkad. The thickness of the mud gradually 
decreased from this point unt i l it reached a 
thin layer on all sides except perhaps towards 
the shore (draft of the vessel d id not permit 
the vessel to move closer t o the shore). The 
investigat ions showed that the mudbank 
extended for about 3 km in the north-south 
direction along the coast o f f Purakkad whi le 
the remnants of the previous years mudbank 
of f Ambalapuzha occupied a length of about 
fc • ' • 
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Fig. 2. Echogram showiug the old mud in the mudbank area at Alleppey. 
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1 km along the coast north of Purakkad. The 
mudbank extended roughly about 1.5 km out 
into the sea, but, the th in layer o f the spread-
out mud extended even beyond 3 5 km. Whi le 
there was perfect calmness at Purakkad, the 
sea off Ambalapuzha was somewhat dis-
turbed. 
MINEROLOGICAL STUDIES OF THE MUD 
The results of the chemical and minero l -
ogical analysis of the mud aregiven in table 3. 
The sil ica concentrat ion of the mudbank 
sediments of Purakkad and Elathur and of the 
sediments of Vembanad lake were in general 
comparable w i th each other. The iron contents 
of the sediments, estimated as ferric ox ide, 
did not show any appreciable var iat ion. The 
same was the case w i th the concentrations of 
calcium, magnesium, alumina, sulphate and 
phosphate in the sediments. 
There were no signif icant variations 
during the mudbank season and non-mud bank 
season. 
DISCUSSION 
The composi t ion of the mud at T h o t t a -
ppally (10% sand) and Kakkazham (100% sand) 
suggests these places as the possible southern 
and northern periphery of the mudbank, res-
pect ively, in the year 1975 (Fig. 2 and Table 2) 
The grain size was observed to be of an 
average of 0.14 mm but the minimum l imit of 
its range showed gradual reduction in size 
TABLE 3. Minerological analysis of mudbank sediments. 
Sample 
Aug. 71 
Sept. 
Oct. 
Nov. 
Dec. 
Jan. 72 
Feb. 
Mar. 
Apr. 
May 
Jun. 
Jul. 
Aug. 
Vembanad 
Elathur 1 
II 
III 
IV 
Volatile 
matter 
% 
1.82 
1.23 
1.52 
1.38 
1.14 
1.61 
1.30 
1.12 
1.82 
1.43 
2.05 
2.21 
2.13 
1.41 
1.62 
1.81 
1.32 
1.92 
Acid 
insolu-
ble SiOz 
% 
42 92 
42.88 
4291 
43.15 
42.87 
42.03 
42.57 
43.01 
43.04 
42.80 
43.12 
42.53 
42.79 
43.71 
4342 
43.38 
43.41 
43.50 
Iron* 
% 
8.91 
8.91 
8.80 
8.77 
8.92 
8.73 
8.49 
8.81 
8.52 
8.01 
8.11 
8.89 
863 
8.12 
8.57 
8.53 
8.87 
8.99 
Calcium 
as CAO 
/o 
7.05 
7.02 
7.04 
6.73 
6.88 
6.92 
6.98 
7.81 
6.63 
6.81 
6.77 
7.12 
7.17 
7.14 
7.09 
7.15 
7.31 
7.04 
Magne-
sium 
as MgO 
% 
5.28 
5.21 
5.08 
5.52 
5.43 
5.01 
5.23 
5.18 
5.15 
5.71 
5.35 
5.18 
5.17 
5.08 
5.27 
5.19 
5.31 
5.23 
Alumina 
/o 
20.35 
2092 
20.81 
20.63 
19.98 
20.19 
21.23 
20.78 
20.77 
20.73 
20.28 
20.44 
21.18 
21.08 
19.64 
19.83 
20.12 
19.93 
Sulphate Phos 
phate 
% % 
3.11 
2.88 
2.90 
2.93 
3.04 
2.97 
2.93 
3.01 
3.41 
2.88 
2.95 
2.98 
2.89 
2.95 
3.12 
3.08 
2.92 
2.99 
9.45 
0.44 
0.40 
0.45 
0.58 
0.61 
0.58 
0.63 
0.61 
0.60 
059 
042 
0.41 
0.68 
0.43 
0.41 
0.48 
0.47 
- Acid 
soluble 
SiOz 
% 
9.68 
10.11 
10.20 
10.31 
9.82 
10.18 
10.21 
9.32 
9.84 
10.28 
10.23 
9.58 
9.01 
9.13 
10.21 
10.16 
9.74 
9.53 
Total 
% 
99.57 
99.60 
99.66 
99.42 
99.66 
99.24 
99.52 
99.67 
99.69 
99.25 
99.45 
99.35 
93-38 
99.56 
9937 
99.54 
99.48 
99.60 
* Iron as ferrous and ferric oxide (total) 
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towards west. The sediments at the Kakkazham 
area did not show any trace of s i l t -c lay frac-
t ion . It is interesting to recall here that the 
active mud supply zone in 1972 was at 
Kakkazham, where the mud cones were obser-
ved to be very active at the inter- t idal zone 
and on the beach. It may be ment ioned 
that no mud cones were observed to be very 
active at the inter-t idal zone and on the 
beach. Further no mud cones were observed in 
later years and Purakkad became the seat of 
the mudbank in 1974-75. 
From the minerological analysis, it is clear 
that the mineral composi t ion af the sediments 
o f f Purakkad, Elathur and at Vembanad back-
water region are almost the same, suggest ing 
that they are all of the same laterite origin as 
found by Brown et al (1938). The compos i -
t ion of the mineral components compared 
very we l l w i th that observed by Brown. 
Further, the presence of ferric oxide, silica 
and alumina in f ine clayey f rom in the sedi-
ments imparts the th ixotropic character to it. 
Thus when the mud cones are in contact w i th 
electrolyte l ipoids, they form a co l lo ida l 
so lut ion by th ixotropy w i th the seawater and 
increases the viscosi ty of the medium and 
keeps it in a col lo idal form for a longer per iod. 
SIX 
ECOLOGY OF MUDBANKS-
D. S. RAO, K. J. MATHEW, C. P. GOPINATHAN, 
- H Y D R O G R A P H Y 
A. REGUNATHAN and A. V. S. MURTY 
ABSTRACT 
The variations in physical and chemical 
parameters of the Alleppey mudbank waters are 
discussed in this paper. The fluctuations in tem-
perature, salinity, oxygen and the comparatively 
high nutrient contents of the mudbank waters 
are highlighted. 
INTRODUCTION 
Observations on the physical and chemical 
properties of the mudbank are very meagre. 
Damodaran and Hridayanathan (1966) and 
Damodaran (1973) have studied some of the 
hydrographical properties of the Narakkal 
mudbank and recently Kurup (1977) reported 
the temperature and sal inity distr ibut ion at the 
mudbank at Purakkad. However, a detai led 
study on the physico-chemical aspects of the 
mudbank area is s t i l l lacking. 
The fo l l ow ing account deals w i t h the 
physical and chemical aspects of Al leppey 
mudbank, based on observations made during 
1971-72, wh ich covered two mudbank 
seasons. In the year 1971-72, mudbank was 
formed be', ween Kakkazham in the north aTid 
Karoor (near Purakkad) in the south w i th 
Ambalapuzha at the centre, and it extended 
about 3 km along the coast and about 5 km 
of fshore. The average depth was about 4 m. 
MATERIAL AND METHODS 
A country-craft was used for carrying 
out investigations in the mudbank. For regular 
moni tor ing of the b io logical and ecological 
parameters, 4 stations were f ixed in the 
mudbank, (F ig . 1, Chapter 5). The observations 
were made at surface and bot tom for tempe-
rature, sal ini ty, d issolved oxygen, reactive 
phosphate, reactive si l icate, nitr i te and nitrate. 
Observations on temperature was made using 
a bucket thermometer for surface waters and 
reversing thermometer for bo t tom. Seawater 
samples for chemical analysis were col lected 
by Nansen bott le. Sal in i ty was determined by 
the t i t ra t ion method, d issolved oxygen by 
Winkler's method and the nutrients by the 
method of Strickland and Parsons (1968). 
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RESULTS 
Temperature: The variations of the mean 
temperature at surface and bottom are pre-
sented in f i g . 1 . Before the start o f the 
mudbank season, the temperature was about 
^S.S'C bo th at the surface and bo t tom. During 
the mudbani< season (June-August ) , the tem-
perature of the waters was between 26 and 
27*0 at the surface and between 25and 26°C at 
the bot tom. During November-December 1971 
the temperature of the surface was around 
290c and at the bot tom it was 28 'C. During 
o 30r 
E 4 . 0 
z 
UJ 
X 
o 
2.0 
-I 1—1_ _i l_J_ 
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J A S 
Fig- 1 Monthly mean variations of liydrographic para-
meters: a- temperature (surface and bottom); 
b. Salinity (surface and bottom); c. dissolved 
Oxygen (Surface and bottom). 
January-IVIarch 1972, the temperature for 
surface water was 28°C, and at the bot tom 
it was \°C less. 
Salinity: The sal ini ty values at both surface 
and bot tom were relat ively high during the 
pre-mudbank and post-mudbank seasons. 
During the 1 972 mudbank season the average 
sal inity values reached as low as 28.5%o. It is 
interesting to note that the sal ini ty values at 
the bot tom were s l ight ly lower than at the 
surface during the mudbank seasons ( f i g . 1 b ) . 
Dissolved oxygen: The f i g . 1 c represent the 
mean values of dissolved oxygen at the surface 
and at the bo t tom. The value rose to around 
4 ml/I during the pre-mudbank season. The 
dissolved-oxygen values in the mudbank 
season were the same as the pre-monsoon 
values at surface of 1971. However, during the 
1972 mudbank season the dissolved oxygen of 
both surface and bot tom waters was reduced 
to about 3.2 m l / 1 . 
Reactive phosphate: The variations of the 
values of reactive phosphate of surface and 
bot tom waters are given in f i g . 2 a. The 
values during winter were generally lower at 
the two levels and less than 2 (xg at P/l The 
o- o Surface 
— — — Sotlom 
O - o ' — I — I — » • 
- 6r 
z 
o 4 f-
v'-V • 
J — I I—I 1 I I 1 I ' • • • • ' I 
Fig.2 Monthly mean variations of hydrographic parame-
ters: a, phosphate (surface and bottom); b, nitrite 
(surface and bottom; c, nitrate (surface and bot-
tom); d, silicate (surface and bottom). 
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seasonal value of phosphate of the surface 
water, as we l l as the bot tom water, indicated 
the maximum during the mudbank season of 
the years 1971 and 1972. However, a sharp 
rise in the phosphate values was noted in 
March 1972. As is usually the case, the 
phosphate values were more at the bot tom 
than at the surface. 
Nitrite and nitrate: Fig. 2 b shows the var i -
ations in the values of ni t r i te content. 
Generally speaking, the values during 1972 
mudbank season were much less than those 
corresponding to the 1971 season. The nitrate 
nitrogen ( f i g . 2 c) was low during the pre-
mudbank season and appareciably high during 
the mudbank season. The bot tom and surface 
values did not show much difference in the 
case of nitrates. The nitrate ni t rogen values 
showed maximum during post-mudbank season 
at both surface and bot tom. 
Reactive silicate: The f igure 2 d gives the 
variations in reactive si l icate values at surface 
and bot tom. The si l icate values at the t w o 
levels were at their ebb, being less than 
10 (A g at S1O3/I during the pre-mudbank 
and post-mudbank seasons. During the mud -
bank season, the si l icate values were high. In 
general, the bottom sil icate values were higher 
than there at the surface during the post-mud-
bank season. 
DISCUSSION 
The reduced temperature observed during 
the mudbank season could be due to the r e d -
uced incoming solar radiation on account of 
the thick monsoon clouds. The observed 
reduction in sal ini ty values f rom the p re -mud-
bank to the itiudbank season may be attr ibuted 
to precip i tat ion, run of f and also due to the 
freshwater discharge f rom the nearby spi l lway 
The sl ight decrease of sal inity at the bot tom 
of the water column during the mudbank 
season may be attr ibuted to the seepage of 
water-borne mud from the subterranean porous 
stratum of the coastal str ip, an obseivat ion 
supporting Crawford's v iews (see Chapter 3 
on mudbank format ion) . 
Heavy blooming of organism Noctiluca 
can cause a rapid reduction in the d isso lved-
oxygen content of the water, especially when 
it is calm. Thus during the post-mudbank 
season (September-November), the minimum 
values of d issolved oxygen can be attr ibuted 
to the observed blooms of Noctiluca miliaris. 
The nitrogenous compounds and the phos-
phate contents of the water column showed 
an approximate inverse relat ionship ( f i g . 2), 
wh ich indicates that the planktonic algae 
uti l ises one of the nutrient compounds at a 
faster rate during a particular season. 
The high sil icate values during the mud-
bank season may be due to the f ine sediments 
present in suspension in the water. This i n -
crease may also indicate the heterogenous 
character in space and time of the silica 
recycling mechanism by the diatoms during its 
g rowth and mul t ip l icat ion. 
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ECOLOGY OF MUDBANKS- PHYTOPLANKTON 
PRODUCTIVITY IN ALLEPPEY MUDBANK 
P, V. R. NAIR, C. P. GOPINATHAN, V. K. BALACHANDRAN, 
K. J . MATHEW, A. REGUNATHAN, D. S. RAO and A. V, S- MURTHY 
ABSTRACT 
The standing crop of phytcplankton, in terms of 
biomass, chloropliyll a and total ceils, recorded high 
values during the rise as well as maturity of the 
mudbank. However, the primary production 
showed high values only before, and not during or 
after, the formation of the mudbank Qualitatively, 
a total of 58 species of phytoplankters were present. 
A no'abie feature seen in association with the mud-
bank was the blooming of Noctiluca miliaris, at the 
time of dissipation of the mudbank during both the 
seasons'of 1971 and 1972. The possible relation-
ship of phytoplankton to and the role it plays at the 
mudbank is briefly discussed. 
INTRODUCTION 
Observations hi therto made on the organic 
product iv i ty of our seas and connected back-
water systems (Prasad et al 1958; Nair et ai 
1968; Qasim et al 1969; Nair et al 1975) show 
that the shal low inshore regions as wel l as 
the connected backwaters are highly produc-
t ive, w i t h an average rate of product ion of 
over 1 g C/m^/day. The season of upwel l ing , 
wh ich coincides w i th the monsoon, is the 
most productive per iod, w i th average rates 
exceeding 2 g C/m2/day. There is of course 
spatial and seasonal variations in the pre-
and post-monsoon periods, depending on the 
l ight penetration and depth of mix ing. 
The mudbank, ow ing to its several pecu l i -
arities on account of the mud remaining in 
suspension, may however be considered as a 
special type of ecosystem. The high turb id i ty , 
ow ing to both man-made and natural causes, 
impeding the l ight penetration decreases 
thedepth of the euphotic zone. A l though the 
euphotic zone at this t ime may extend down 
to between 15 to 50 m in the adjacent 
waters, in the mudbank it is general ly less 
than 4 m. The study of the phytoplankton 
product ion at the mudbank also is confronted 
wi th certain problems. The normal in situ 
measurements, wh ich are necessary for the 
evaluation of potential assimilat ion in in vitro 
condi t ions, are not possible in these waters. 
Therefore, the measurement of potential pro-
duct iv i ty at best can give a general idea of 
the product iv i ty of the ambient waters, which 
nevertheless wou ld lend a clue to the proba-
ble causes of f luctuat ions in the mudbank 
y ie ld . The t w o aspects, viz., potential pro-
duct iv i ty and quant i tat ive variat ion in phyto-
plankton, formed an important part of a com-
prehensive invest igat ion on the ecology of 
the mudbank. 
MATERIAL AND METHODS 
With a v iew to having a general picture of 
the phytoplankton product iv i ty of the Ambala-
puzha coast, fo r tn igh t ly col lect ions of water 
samples from the surface and bot tom and 
phytoplankton net samples (surface haul of 10 
minutes durat ion by using a half metre bo l t ing 
nylon net. No .21 , mesh size 0 069 mm) were 
made from 4 stations (See Fig. 1 . Chapter 4) 
during the year 1971-72. (These stations 
were f ixed in June 1971 at the time of the 
mudbank format ion, in such a way that 3 of 
them were wi th in the mudbank and the 4th at 
a l i t t le distance outside it.) However, during 
the per iod of active mudbank, in June-August 
71 and May-Ju ly 72, study on phytoplankton 
product iv i ty was greatly intensi f ied by c o n -
ducting more frequent observat ions. 
The relative abundance of dt f ferent phy-
toplankters present in the net samples were 
noted. The to ta l volume of plankton was 
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determined from an aliquot of 1/5 of the sam-
ple, by the displacement method, after remo-
ving the zooplankters by means of an organdy 
cloth. Water samples were analysed both for 
quantitative and qualitative estimcites. The 
samples, having brought to the laboratory, 
were transferred to a 50 ml settling chamber 
and kept for 24 h, adding a few drops of 
formalin. The phytoplankters present in this 
50 ml of water were then identified, counted 
and the total cells computed per unit volume 
(1 litre in the present case). 
For the estimation of primary production, 
2 samples, one from surface and the other 
from bottom, were collected using a Casella 
bottle, transfered to 60 ml reagent bottles, 
and incubated with 5(i. c of '•C as NaH'^COa 
under natural or artificial constant light 
(20 k lux) for 2-4 h. Dark uptake also was 
determined simultaneously. After incubation, 
the samples were filtered through millipore 
filters (25 mm; pore size 0.45|A) and the acti-
vitiy of the filters were determined using a 
Geiger counter, the efficiency of which was 
3.2%. 
For the estimation of chlorophyll a, sur-
face water samples, one litre each from the 4 
stations, were collected and brought to the 
laboratory and filtered through GFC filter 
paper. The filtrate was then dissolved in 90% 
acetone, centrifuged and, using a Spectropho-
tometer, different wavelengths were measured 
and chlorophyll a content estimated fol lowing 
the equation given by Strickland and Parsons 
(1998). 
GENERAL TREND OF THE 
SOUTHWEST COAST 
Subrahmanyam (1959) and Nair et al 
(1968) studied the primary production and 
standing crop of the westcost of India. Radha-
krishnan (1969) studied these parameters of 
Alleppey coast. Shah (1973) and Qasim and 
Reddy (1967) studied the chlorphyll a. 
Chennubhotla (1969) and Subrahmanyam et al 
(1975) studied the biomass and the total cells 
of phytoplankton. All these studies unani-
mously reveal that all along the west coast 
of India phytoplakton production is at its 
highest during the S.W. monsoon. A secon-
dary peak in the primary production and chloro-
phyll a has been reported varyingly somewhere 
during the post-monsoon period. According 
to Chennubhotla (1969) and Subrahmanyam 
etal (1975) the plankton volume, which in-
creases from May, after reaching a maximum 
in July declines sleadily up t i l l September, the 
secondary peak of a lesser magnitude being 
visible somewhere during December-February. 
According to Gopinathan et al (1974) 
total cells of phytoplankton standing crop in 
the inshore areas of Cochin are higher in the 
monsoon months than during the pre- and 
post-monsoon months. 
OBSERVATIONS AT THE MUDBANK 
Potential productivity: The study conducted 
during the two mudbank periods, one during 
June-August 71 and the other during May-July 
72, revealed the fol lowing results. Unlike the 
rest of the west coast, where the maximum 
rate of production was during the monsoon 
TABLE - 1 
Potential productivity of the mudbank (surface 
and bottom) 
Period 
1971 
Jul 
Aug 
Sep 
Oct 
Nov 
Dec 
1972 
Jan 
Feb 
Mar 
Apr 
May 
Jun 
Jul 
S 
B 
S 
B 
S 
B 
S 
B 
S 
B 
S 
B 
S 
B 
S 
B 
S 
B 
S 
B 
S 
B 
S 
B 
S 
B 
Production mgC/m^ h 
St.l 
5.26 
71.85 
13.98 
1.16 
0.69 
26.84 
17.40 
8.76 
1.41 
4 75 
3 40 
59.64 
30.38 
41.28 
11.71 
115.88 
84.16 
49 67 
19.77 
81.53 
61 91 
31.05 
21.31 
8.21 
St.2 
13.93 
28.19 
10.0 
1.95 
— 
26.19 
12.61 
8.98 
1.31 
7.68 
3.12 
40.87 
43.40 
9 69 
5 69 
39.21 
59.96 
277.15 
37.79 
97.01 
— 
116.72 
5.16 
10.48 
St.3 
31.05 
7182 
41.40 
1.96' 
— 
16.35 
— 
7.68 
2 48 
2.08 
6.85 
29.25 
13.83 
20.93 
14.66 
86.52 
39.18 
9386 
57.50 
58.68 
— 
28.63 
2.25 
53.55 
St.4 
14.74 
24.49 
82.6 
0.52 
— 
27.07 
26.26 
23.36 
7.55 
7,55 
5.03 
36.64 
25.92 
22.60 
1408 
59.81 
43.08 
3893 
21.89 
60.20 
9.91 
38.00 
4.50 
33.12 
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months, the mudbank showed l ow values 
during these periods, wh i le during the pre-
monsoon months the same area indicated high 
rate of product ion. The rate of potent ia l 
assimi lat ion was uni formly high, averaging 
35 mg C/m^/h w i th the maximum during 
February-May, when there was no mudbank 
prevail ing in th is area. The monthwise pro-
duct ion rate is shown in Table 1. High dark-
assimilat ion rates were noted in the bot tom 
samples and very low values were observed 
in the bot tom at the time of munbank forma-
t i on . 
Chlorophyll a : The standing crop, measured 
in terms of ch lorophl i a, for the four stat ions 
are presented in Table 2. It is bel ieved that the 
magnitude of chlorophl i a of a water body 
gives a true index of the standing crop. The 
table 2 indicates that, during June-Ju ly of-
both 1971 and 72 periods, when the mudbank 
was active, ch lorophyl l a values were higher 
compared t o other months. Also it revealed 
that chlorophyl l a had an increasing trend 
during the period of mudbank as was observed 
at the three stations which were in the mud-
bank proper, wh i le the 4th s ta t ion, which was 
s l ight ly deeper and far away f rom the mud -
bank, showed uniformly low values t h rough -
out the per iod. During the period when there 
was no mudbank, the ch lorophy l l a values at 
the surface of this area were general ly less 
than 10 mg/m3. But during the period of the 
mudbank the values were double or even 
three f o l d . 
T A B L E - 2 
Measurement of chlorophyll a at the 
mudbank area 
Chlorophyl l a mg/m^ (surface) 
St.1 St.2 St.3 St.4 
1971 Jun 
Jul 
Aug 
Sep 
Oct 
Nov 
Dec 
1972 Jan 
Feb 
Mar 
Apr 
May 
Jun 
Jul 
26.7 
33 2 
13.7 
143 
14.8 
5.8 
— 
9.7 
4.5 
6.5 
3.0 
5.7 
16.7 
10.6 
18 4 
16.1 
16.1 
4.9 
8.5 
2.6 
0.6 
9.0 
1.8 
1.3 
4.0 
3.4 
15.8 
6.7 
25.1 
15.5 
16.6 
8.6 
0.4 
3.1 
0.9 
3.3 
1.2 
2.2 
3.7 
2.3 
11.3 
6.2 
— 
8.0 
0.7 
— 
9.2 
12.9 
2.5 
3.2 
3.3 
1.3 
1.7 
3.1 
16.0 
2 9 
Biomass : The plankton volume showed a 
gradual ly increasing trend from June onwards, 
reaching its maximum in August primari ly due 
to the then high abundance of the d ino f lage l -
late, Noctlluca miliaris. After August there 
was a gradual decrease in the volume of plank-
t on , reaching its lowest ebb in December. 
Again, after December, there was a rise in the 
volume of plankton through the succeeding 
months (unimodal) and reached its peak at the 
period of the next mudbank fo rmat ion , that is 
in 1972 (Fig. 1). A notable feature in the 
biomass distr ibution at the mudbank was its 
spatial var iabi l i ty . The values wh ich were 
highest in the f irst stat ion decl ined gradually 
to the fourth s tat ion. 
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Fig. 1 Phytoplantation displacement volume 
Total cells and qualitative studies of phytoplank-
ton : The quanti tat ive dist r ibut ion of phyto-
plankton present in one litre of water collec-
ted both f rom the surface and bot tom in the 
mudbank area during the period of invest iga-
t ion is presented in Table 3. The magnitude 
of product ion was different in the mudbank 
for the t w o years. Diatoms dominated during 
the formation of the mudbank, whi le d ino f ia -
gellates were most abundant during the period 
of its dissipat ion. However, nannoplankters 
were equally abundant all through the active 
period of mudbank, which was responsible 
for the high values of cel l counts observed 
during this per iod. At the t ime of dissipation 
of the mudbank, during August of both 1971 
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TABLE - 3 
Seasonal abundance of phytoplankton of the mud bank at Ambalapuzha. One-litre settling-
chamber counts of phytoplankters (average of 4 stations). 
Months 
1971 Jun 
Jul 
Aug 
Sep 
Oct 
Nov 
Dec 
1972 Jan 
Feb 
Mar 
Apr 
May 
Jun 
Jul 
S 
B 
S 
B 
S 
B 
S 
B 
S 
B 
S 
B 
S 
B 
S 
B 
S 
B 
S 
B 
S 
B 
S 
B 
S 
B 
8 
B 
Diatoms 
183600 
16170 
181000 
17200 
35520 
24060 
2330 
14380 
15510 
20970 
12140 
4000 
17280 
14400 
15290 
15140 
13630 
13000 
6360 
3340 
34440 
19820 
245800 
44300 
26280 
22090 
353600 
— 
Dinofla-
gellates 
650 
240 
4400 
320 
12630 
17550 
16750 
1600 
690 
1200 
80 
160 
1080 
790 
300 
200 
320 
340 
690 
430 
970 
450 
2110 
690 
1950 
1050 
11050 
— 
Silico-
flagellates 
100 
60 
— 
— 
— 
— 
-
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
80 
30 
400 
120 
— 
— 
—^ 
— 
Cocco-
liths. 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
80 
60 
— 
— 
— • 
— 
1100 
150 
— 
— 
— 
— 
Cyano-
phyceae 
670 
300 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
3800 
3000 
1800 
1600 
600 
250 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
Nano-
Pl. 
213200 
111000 
211100 
112600 
116500 
118500 
111000 
123600 
28000 
16000 
132000 
121000 
114000 
112000 
122400 
114000 
116200 
112600 
116250 
114000 
118500 
113400 
26400 
123600 
316800 
246400 
211200 
— 
Total 
398280 
127770 
396500 
129800 
164650 
160100 
130080 
139500 
224200 
128170 
144220 
125160 
136160 
130190 
139790 
1 32740 
130930 
126250 
123300 
117870 
153990 
133900 
275810 
168880 
345030 
269540 
575850 
— 
and 1972, b looming of the harmful d inof lage l -
late, Noctiluca miliaris, was a h ighly noticea-
ble feature- Si l icof lagel lates and Coccol i tho-
phores were found to be very rare and the 
blue-green alga (Trichodesmium spp.) was 
found to be abundant during June. 
From one litre of water sample examined, 
58 common species of phytoplankters were 
ident i f ied, among which diatoms const i tuted 
38 species; dinof lagel lates 14; Si l icof lagel -
lates 2; Coccol i thophore 1 and blue-green 
algae 2 The species-wise dist r ibut ion of the 
above ment ioned phytoplankters is given in 
Table 4. 
Other observations: in August and in early 
September of both 1971 and 72, when the 
mudbank was in the dissipating stage, bright 
red patches were observed in the surface 
waters all along the mudbank region. This 
d iscolourat ion was due to extremely high 
concentration of the dinof lagel late, Noctiluca 
miliaris. A green discolourat ion was also 
not iced on 27th August 1971, wh ich was 
caused by the 'green' Noctiluca. (Noctiluca 
wi th a green eug leno idsymbiont , Protoeuglena 
noctilucae). In September 1971 also, a green 
discolurat ion of the water was not iced which 
was however due to high incidence of the 
diatom, Fragilaria oceanica. 
DISCUSSION 
A l though the regional and seasonal var ia-
b i l i t y and magnitude of primary product ion in 
the inshore environments of the west coast of 
India is known and has been correlated w i t h the 
potent ia l f ishery resources (Prasad e ta l 1970), 
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Fig. 2 a-b. Standing crop of phytoplanlcton in terms 
of total cell counts (surface and bottom) 
these studies are not comparable w i th those 
of the mudbank, w h i c h , as an ecosystem, is a 
unique one by i tself . Light is never a l imi t ing 
factor in the tropical waters. But in the mud-
bank area l ight penetrat ion is highly restricted 
due to the suspension of f ine particles of mud 
conf in ing the phytoplankton product ion to the 
top few centimetres. The l ive phytoplankton 
seen throughout the mixed layer, wh ich in 
the mudank reaches to the very bo t tom, may 
be due to the high rate of primary product ion 
observed before the format ion of the mudbank. 
For the entire west coast and connected 
backwaters, the monsoon period is the most 
productive t ime, w i t h high values exceeding 
2 g C/m'/day, f o l l o w e d by fair ly high produc-
t ion rates during the post-monsoon period, 
because of the proport ionate avai labi l i ty and 
replenishment of nutrients (Subrahmanyan 
1969; Nair et al 1968; Nair et al 1975; Gopina-
than et al 1974; Radhakrishna 1969; and 
Joseph and Pillai 1975). At Ambalapuzha 
area, where the mudbank is usually formed, 
on the other hand, the product iv i ty values are 
high just before the formation of the mudbank 
and afterward decrease through the period 
of mudbank. The reason for the high values 
of product ion before the formation of the 
mudbank may be because there was an abund-
ant populat ion of diatoms during this period 
(Table 3) . 
The chlorophyl l a values in the mudbank 
are also very high when comoared w i t h the 
values reported from the inshore areas of 
Cochin by Shah (1973) and Gopinathan et al, 
(1974). Qasim and Reddy (1967) observed 
that the values in the Cochin backwater were 
all less than 10 mg/m^ during the monsoon 
months. But in the mudbank the chlorophyl l 
a values are observed ranging from 10 to 33 
mg/m3 during this per iod. 
It is thus seen f rom the present investiga-
t ions that the mudbank, in spite of its l imited 
primary product ion potential due to thesha l low 
euphotic zone, is nevertheless characterised 
by a high standing crop, as represented by 
biomass, ch lorophyl l a and total cel l counts, 
especially at its format ion as wel l as its 
maturity per iod, presumably favoured by 
abundant rainfall and enrichment of nutrients 
from the bo t tom. Another reason for the high 
standing crop of phytoplankton at the period 
of mudbank may be that the nannoplankters 
contr ibute to about 7 0 % of the tota l cells, 
which is also responsible for the high 
values of chlorophyl l a during this period. 
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TABLE 4 
Seasonal variations of different phytoplankters present in one litre of water surface 
(average of t w o years) 
M A M N 
Bacil lariophyceae 
(Diatoms) 
1. Melosira sulcata 
2. Hyalodiscus subtilis 
3. Stephanopyxis palmariana 
4 Skeletonema costatum 
5. Thalassiosira decipiens 
6 T. subtilis 
7. Coscinodiscus spp. 
8. Planktoniella sol 
9. Lauderia annulata 
10. Schoederella delicatula 
11. Guinardia flaccida 
12. Rhizosolenia spp. 
13. Bacteriastrum varians 
14. Chaetoceros lorenzianus 
15. C. decipiens 
16. C. curvisetus 
17. C. a////7/s 
18. Eucampia zoodiacus 
19. Climacodium frauenfeldianum 
20. Streptotheca themesis 
^ 1. Bellerychea malleus 
22. Ditylum brightwelli 
23. Trfceratium favus 
24. Biddulphia sinensis 
25. Biddulphia mobiliensis 
26. Cerataulina bergonii 
27. Hemiaulus sinensis 
28. Hemidiscus hardmannianus 
29. Fragilaria oceanica 
30. Thalassionema nitzschioides 
3 1 . Thalassiothrix frauenfeldii 
32. Asterionella japonica 
33. Pleurosigma elongatum 
34. P. normanni 
35. Z'. directum 
36. Navicula sp. 
37. Nitzschia longissima 
38. /v. ser/afa 
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Table 4 (contd.) 
Dinophyceae 
39. Prorocentrum micans 
40. Dinophysia caudata 
41. D. miles 
42. Ornithocercus magnificus 
43 Noctiluca miliaris 
44. Pyrophacus horologicum 
45. Peridinium depressum 
46. P. ocean/cum 
47. /*. Claud leans 
48. P. pentagonum 
49. Diplopsalis lent leu la 
50. Goniaulax polyhedra 
51. Ceratlum furea 
52. C.fusus 
53. C. Areve 
Silicoflagellates 
54. DIctyota fibula 
55. Distephanus speeulum 
Coccolithophore 
56. Coccolithus sp. 
Cyanophyceae 
57. Oscillatoria sp. 
58. Thrieodesmium theibautii 
J 
— 
R 
— 
— 
• " " * 
_ „ _ 
— 
F 
— 
R 
R 
R 
R 
_ 
— 
M 
— 
R 
R 
R 
R 
R 
R 
R 
_ 
— 
A 
— 
R 
R 
R 
— 
R 
R 
M 
A 
R 
R 
R 
R 
R 
R 
R 
— 
R 
R 
J 
C 
F 
. 
— 
— 
— 
J 
— 
A 
R 
F 
R 
— 
A 
— 
B 
R 
— 
— 
— 
S 
— 
B 
— 
— 
— 
0 
C 
1 
F 
— 
— 
— 
N 
R 
R 
R 
R 
_ 
— 
— 
R 
— 
D 
R 
R 
R 
R 
P 
R 
R 
F 
R 
R 
— 
— — R 
R 
C 
B=bloom (10,000 cells and above); A=abundant (1000-10000 cells); C=common 
(500 to 1000 cells); F=few (250 to 500 cells); R= rare (below 250 cells); dash denotes absent. 
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EIGHT 
ECOLOGY OFMUDBANKS —ZOOPLANKTON 
K. J . MATHEW, C. R. GOPINATHAN, A. REGUNATHAN, D. S. RAO and A. V. S. MURTY 
ABSTRACT 
Zooplankton investigations carried out in the region 
of Alleppey mudbanit, commencing with the formation 
of the mudbanic of 1971 and continued through the 
mudbanic of 1972, revealed that the mudbanks are richer 
in zooplankton in general. The fluctuations of the 
standing crop as well as of the major individual groups 
are discussed briefly to show the charateristic of the 
mudbank. 
The stations at which the zooplankton 
collections were made, the frequency of col-
lection and the duration of study are the 
same as those described in chapter 5. Plan-
kton samplings were made with a half-meter 
nylo-bolt ring net of 0.3 mm mesh by making 
horizontal surface hauls of 10-min. duration. 
The samples were preserved in 3% formalin 
and, having brought to the laboratory, the 
total volume was determined by the displace-
ment method. Numerical counts of individual 
groups were taken and estimates were made. 
OBSERVATIONS AND RESULTS 
Standing crop of zooplankton 
The monthly mean values of displacement 
volume of zooplankton estimated for the 
Alleppey area, during the mudbank and non-
mudbank seasons, are presented in f ig. 1, In 
the mudbank of 1971 the biomass reached up 
to 4-06 ml/10 min, whereas the values never 
exceeded 2ml/10min. in the mudbank of 
1972. During the pre-mudbank and post-
mudbank periods, the zooplankton biomass 
was extremely low (less than 1/ml/l.) 
Altogether 19 groups of zooplankters 
were present, the important of which, in the 
order of their abundance, were copepods and 
copepodites, appendicularians, fish eggs and 
larvae, prawn larvae, lucifer and crab larvae. 
Others which were either rarely present or 
strictly seasonal in their occurrence were 
4 0 6 
Fig. 1. Monthly mean variations in the displacement 
volume of zooplankton. 
polychaete larvae, juveniles of Barnea sp. 
and tunicates. Ail these were present in the 
mudbank also. 
Copepods and copepodites were extre-
mely abundant almost throughout the year 
(Fig. 2a.). The months in which the copepods 
were less abundant were September 1971 and 
January, February and September 1972. But 
the copepods on the whole were comparati-
vely more during the season of mudbank than 
during other seasons. As observed during 
both the years, September seems to be the 
lean month for copepods, and during Septem-
ber 1972 the copepodites were totally absent. 
The appendicularians were present in all 
months and were fairly abundant throughout 
the mudbank as well as non-mudbauk seasons 
(Fig. 2h). The two months in which they 
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occurred in lesser numbers were October 1971 
and March 1972. The polychaete larvae were 
abundant during the mudbank seasons of both 
the years (F ig. 2b.) During 1971, their maxi-
mum number was observed dur ing the months 
of June, July and August, co inc id ing w i t h the 
mudbank. During 1972 their abundance was 
in May, June and July. November 1971 to 
March 1972 was the lean period for poly-
chaetes. 
Pleurobrachia andcladocerans were found 
having an interesting trend. There was a 
swarming of pleurobrachia in August 1971,and 
afterwards they disappeared. Simultaneously 
w i th this was a swarming of cladocerans. 
However, unlike the pleurobrachians, the c la -
docerans did not make a sudden appearance 
but were presenf in moderate numbers during 
the previous 2 months. But f rom September 
1971 to June 1972 the cladocerans were abs-
ent in the mudbank area. Again in Ju ly 1972, 
they swarmed the mudbank and disappeared 
afterwards. 
The appearance of medusae was str ict ly 
seasonal (Fig. 2d.) They started appearing in 
June, during the first mudbank, but the peak 
was in September, when 1125 specimens 
were caught in a 10-min i . haul. By November, 
they to ta l ly disappeared and in January they 
again reappeared, but w i thd rew during the 
same month . Afterwards they were tota l ly 
absent for the next 4 months until June-July 
1972, when they were again present in the 
plankton. 
The chaetognaths were quite sgnif icant in 
that they were abundant in the mudbank (Fig. 
2c.). Whi le they were caught in good numbers 
in June and August 1971, the next year 
they showed their abundance in July and 
August. In January 1972 also a f ew of them 
were caught from the mudbank region. Sagitta 
inflate was the dominant species. During the 
period of observations the siphonophores 
were present during three months only, viz., 
June and August 1971 and July 1972. A l t o -
gether f ive species of siphonophores were 
ident i f ied, wh ich in the order of abundance 
were Lensia subtiloides, Diptiyes cham/ssonis, 
Bassia basseusis, Enneagonum hyalinum and 
Abylopsis tetragona. 
Post larvae of penaeid prawns of species 
Penaeus indicus, Metapenaeus dobsoni and M. 
monoceros were present in the plankton in 
varying numbers. Their maximum abundance 
was observed during the mudbank periods, 
especially during the month of Ju ly (Fig. 2f.) . 
A second peak, of l o w intensity, was observed 
in the month of January. The t w o peak pe r i -
ods of occurrence of prawn larvae agree 
w i th the t w o peak breeding seasons of pena-
eid prawns on the southwest coast of India. 
Good number of specimens of lucifer were 
present in almost a l l the months. But they 
were absent in September 1971 and Septem-
ber 1972, as we l l as in December 1971. As in 
the case of other zooplankton organisms, their 
peak period of occurrence was during the mud-
bank seasons (F ig . 2e.). The crab larvae con-
st i tuted only a small por t ion of the total 
plankton. They occurred in varying propor-
t ions in all but four months, namely, August 
and November 1971 and August and Septem-
ber 1972. Two peak periods in their occurr-
ence were not iced; one during the mudbank 
season and the other during the February-
Apr i l pre-mudbank season, (Fig. 2g). Fish 
eggs though were encountered in the plankton 
in varying numbers in all except four months, 
they showed more abundance during and after 
the mudbank (Fig. 2 i . ) . In 1971 , their max i -
mum number was in October, wh i le it was in 
August and September during the next year. 
Generally speaking, the lean months for the 
f ish eggs were f rom November 1971 to June 
1972. 
The f ish larvae d id not contribute much to 
the plankton, probably because most of them 
escaped the net wh ich was t o w e d f rom the 
country craft w i t h varying speeds, (Fig. 2 j ) . 
The juveni les of Barnea sp. were extremely 
abundant in the plankton during Ju ly 1971 and 
Ju ly 1972. The occurrence of these juveni les 
is associated w i t h the reproductive cycle of 
this species. Stray specimens of amphipods 
were col lected during the monsoon period of 
both the years. The tunicates were also found 
in the samples col lected in the monsoon 
months. A few stomatopod larvae were pre-
sent during October 1971. January 1972 and 
Apri l to August 1972, The adult ostracods 
never occurred in the plankton, but the larvae 
of one species, Cyrrpidina dentata, were num-
erically abundant in the plankton during June 
and July 1972, when 28125 and 130 speci-
mens, respectively, per 10 minutes haul, were 
col lected. 
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00 TABLE-1. Relative Abundance of Zooplankton Groups 
Zooplankton June July Aug Sept. Oct. Nov. Dec. Jan. Feb. Mar. Apr. May June Ju l - Aug. Sept. 
Groups '71 '72 
Meduse 0.001 0.010 0.042 9 0 5 3 0.023 1 0 4 8 0 006 0.036 
Siphonophores 0 009 0.040 0 007 
Pleurobrachia 0 115 
Chaetognaths 0.700 0.002 0 005 0.562 0.003 0.003 0.011 0.001 0.013 0.859 
Polychaete 
larvae 0.286 3.357 0.397 1.014 0.083 0.013 0.039 0.178 1.523 3.401 0.394 1.148 
Copepodites 39.179 27,812 40 236 33.298 0.478 3 7 3 3 5 43.425 40.043 45.515 5 7 1 9 47 431 33.258 27.670 15 561 2 6 5 8 
Copepodites 58.588 63.212 44.147 2 6 1 5 3 99.21 ? 6 0 226 50 668 40.043 52 .55693 .644 49-027 40,530 51.161 56 ,81083 536 19.101 
Cladocerans 0 100 0.604 14.690 
Amphipoda 0.002 0 001 0.001 0.001 0 007 
Lucifer 0.025 0.152 0.001 0.009 0 002 0.195 0.007 0.023 0.006 0 0 4 0 0.007 0 0 0 8 0.116 
Prawn larvae 0.003 0.449 0.001 0.008 0,001 0.001 0 4 4 9 0 006 0.005 0.007 0.026 0.286 
Crab larvae 0.015 0 060 0.026 0 0 0 3 0 0 0 2 0 039 0.045 0.003 0.020 0 001 0.001 0.003 
Stomatopod 
larvae 0.001 0.020 0.010 0.006 0.005 0 003 0.048 
Barnea ap.* 0.912 0 005 0.816 
Ostracod 
larvae 17.390 0.066 
Appendicu-
larians 1.093 3,246 0.284 29 677 0.071 2.423 5 887 17.089 16.873 0.600 3.325 15.625 0.348 25 532 6 820 18.337 
Tunicates 0.001 0.003 0.005 
S Fish eggs 0.175 0.037 0.781 0.119 0 001 0.012 0 5 6 6 0 003 0.005 0.033 5.604 61.889 
c 
w Fish larvae 0.007 0.001 0.020 0.007 0 001 0.002 0.006 0 0 0 7 0 672 
(n * luveni les only 
Relative abundance of zooplankters 
The relative frequency of among various 
groups of zooplankters is given in the form of 
percentages in Table 1. It is observed that in 
all the months copepods dominated the plank, 
ton, forming more than 8 0 % of the total b iom-
ass. The month of September in both 1971 and 
1972 appeared to be the lean period for cope-
pods when they formed about 60% and 19% 
respectively of the to ta l p lankton. The num-
ber of copepods was so enormus that the 
other groups were rarely represented by more 
than 1% numerically in the standing crop of 
zooplankton. 
The abundance of f ish eggs and appendi-
cularians and the reduction in the number of 
copepods in September 1972 gave an unusual 
picture of relative occurrence of plankton, com-
pared to other months. During th is month , 
copepods, appendicularians, f ish eggs and 
larvae alone were present as zooplankters. 
DISCUSSION 
The general picture wh ich emerged f rom 
the study of zooplankton of the area, both 
quantitat ive and qual i tat ive, is that zooplankt-
i on was more abundant during the m u d -
bank. Incidental ly, a correlat ion between the 
abundance of zooplankers and the ecological 
features has been observed. The env i ron-
mental factors, such as nitrate, phosphates 
and sil icates showed def in i te increase in the 
mudbank (ref: Chapter 6.) The standing crop 
of phytop lankton, wh ich is direct ly l inked up 
w i t h these chemical propert ies, also showed 
a general increase during this per iod (Fig 1.). 
The same trend was reflected in the case of 
zooplankton also. Mukundan (1967). based 
on material col lected on the inshore plankton 
of Calicut from 1957 to 1965, found that 
August-November per iod was the peak period 
for the zooplankton, w h i l e February-July 
period registered moderate values, and in the 
months December and January, the zooplan-
kton biomass was poor. The observed di f fer-
ence w i th regard to the seasonal variat ions in 
zooplankton abundance between Calicut and 
themudbank region may be attr ibuted to the 
peculiar ecosystem that prevails in the mud-
bank area. However, the swarming of clado-
cerans during the monsoon per iod, when the 
wafer sal inity was comparat ively lower , was 
observed both at Calicut and in the area under 
present study. 
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NINE 
ECOLOGY OF MUDBANKS — BENTHOS 
A. REGHUNATHAN, C P. GOPINATHAN, K. J . MATHEW, D. S. RAO and A. V. S. MURTHY 
ABSTRACT 
Occurrencs, abundance and seasonal distribution of 
the benthic fauna of the mudbank area at Alleppey 
were investigated. Ihs substratum at the mudbank area 
being of an unconsolidated and unstable nature due 
to the fresh supply of sediments and their periodic 
movement, it was thougt that tbe fauna therein may 
be of a recent colonisation and a study on the animal-
sediment relationship would be of interest. This 
was well established during the present studies with 
regard to the occurence and numerical abundance of 
species and the benthic population in general. 
INTRODUCTION 
It is generally recognised that the benthic 
fauna and f lora play an important role in the 
marine food chain and a knowledge of ben. 
thos is one of the important pre-requisite to 
have a comprehensive picture of the f ishery 
potential of an area. Mudbanks, known for 
their f ishery potent ia ls , therefore, prompted 
the authors to investigate the role of benthos 
in these areas. A perusal of the l i terature 
(Seshappa 1953; Kurien, 1953;1967; Damodaran 
1973) on the bot tom fauna reveals that our 
knowledge on the sub-tidal bot tom fauna of 
the Indian seas in general is very l i t t le. 
Mudbanks have been classif ied into four 
categories (Chapter 3) based on the nature of 
sediments that come into suspension. It may 
be expected that, the source of these sedi -
ments being different, the faunal assemblage 
may be different too. Hence a study on the 
bottom fauna of the di f ferent mudbanks is 
necessary to have an understanding on the 
qual i tat ive and quanti tat ive picture of the 
level -bot tom communit ies and their role in 
the mudbank f ishery. 
MATERIAL AND METHODS 
Since the observations had to be carried 
out from an indegenous country craft, heavy 
gear had no place in the choice of instruments. 
A Van-veen type grab of 0.03m2 was used for 
sampling the bot tom fauna. The highly un-
consol idated nature of the mud, particularly 
during the mudbank, did not permit the opera-
t i on of the dredge, wh ich wou ld easily get 
buried in the mud. 
Materials for the presnt study were regu-
larly col lected cont inuously from June 1971 to 
August 1972; from the same 4 stat ions des-
cribed earlier (see Chapter 5) . Samples were 
sieved using a 0.5 mm sieve to seperate 
the macro-fauna and the meio-fauna. Al l 
those animals retained by a 63P- sieve were 
treated as meio-benthos. All the meio-benthos 
were treated together due to poor indiv idual 
abundance. The bot tom fauna was expressed 
in No./O.I m of the substratum. 
Al l the organisms were treated in phy lo -
genetic sequence and, wherever possible, 
ident i f icat ions were carried out up to genus 
and species levels. When such identi f icat ions 
were not possible they were treated group-
wise . 
DISTRIBUTION OF BENTHOS IN THE 
AMBALAPUZHA-PURAKKAD AREA 
Foraminifera 
Al though a number of species belonging 
to dif ferent genera are recorded from many 
regicns of southwest coast of India, only a 
few species of the genera Discorbis, Spirolo-
colina, Potalina and Textu/qria were present 
in the samples f rom the Ambalapuzha area. 
They were distr ibuted in all the stations and 
round the year, except in Apri l , May and June. 
They were found to be abundant in stations 
1 and 2 (Table 1 and 2). Monthwise occurrence 
of different groups showed w ide f luctuat ions; 
however, foraminifera showed the f irst peak 
in November-January fo l l owed by another 
peak in June-August. The highest number of 
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Organisms 
Table 1 
l\Aontf)ly variations in tfie mean number of various groups of organisms expressed in 100s 
per Q.I m^ of bottom sample, 
STATION 1 
Mudbank 
season 1971 
June July Aug 
Post-raudbank season 
Sept. Oct, Nov. Dec. 
Pre-mudbank season 
Jan. Feb. Mar. Apr. 
Foraminifera 
Nematoda 
Polychaeta 
Ostracoda 
Copepoda 
Ampbipoda 
Crustacean nauplii 
Arachnida 
Pelecypoda 
367 
' — 
— 
" — 
7 
— 
— 
— 
— 
210 
74 
1 
3 
8 
2 
— 
— 
10 
— 
210 
--
70 
2 
— 
48 i 
1 
2498 
1572 
1512 
12 
120 
9 
— 
24 
12 
267 
1008 
1452 
— 
264 
24 
— 
12 
12 
318 
5896 40596 37064 7316 21772 — 
5464 27996 22808 3716 60 — 
_ _ 12 _ _ _ 
310 648 — 336 24 — 
— 24 _ _ 24 — 
May 
Mudbank 
season 1972 
Jun. July Aug 
_ _ 96 — 
3696 _ 22 — 
— _ 22 — 
24 — 1 — 
354 517 36 72 24 — 
c o 
CD 
> z 
V) 
Table 2 
Monthly variation in the mean number of various organisms expressed per 0.1 m'^. 
STATION 2 
Organisms 
Mudbank 
season 1971 
June July Aug. 
Post-mudbank season 
1971 
Sept. Oct. Nov. Dec. Jan. 
Pre-mudbank season 
1972 
Feb. Mar. Apr. May. 
Mudbank season 
1972 
June July Aug. 
Foraminifera 
Nematoda 
Polychaeta 
Ostracoda 
Copepoda 
Amphipoda 
Crustacean nauplii 
Arachnida 
Pelecypoda 
2191 
— 
— 
13 
— 
— 
— 
— 
9 
19 
265 
— 
3 
7 
— 
— 
3 
3 
234 
58 
2 
16 
2 
— 
1 
1 
180 
48 
216 
— 
— 
12 
— 
36 
12 
27 
522 
432 
— 
12 
— 
— 
— 
— 
46 
180 
3264 
12 
24 
120 
— 
— 
— 
480 
420 
984 
— 
48 
24 
— 
— 
— 
50 
2793 
24 
— 
— 
— 
— 
— 
288 
727 
— 
— 
4 
— 
— 
— 
312 
6600 
— 
— 
— 
— 
— 
— 
99 
— — 960 71760 
288 2510 480 — 
o 
o c 
l -
I -
Itl 
z Table 3 
Monthly variations in the mean number of various groups of organisms expressed! 0. Tm^ 
STATION 3 
Organisms 
Foramifara 
Nematoda 
Poiychaete 
Ostracoda 
Copepoda 
Amphipoda 
Crustacean 
Arachnida 
Pelecypoda 
naupl 
Mudbank season 
June 
127 
— 
— 
16 
4 
ii — 
— 
— 
1971 
July 
14 
— 
— 
3 
1 
— 
2 
3 
Aug. 
180 
Post-mudbank season 
Sept. 
2 
21 517 
— 
6 
1 
7 
2 
4 
7 
14 
45 
— 
131 160 
Oct. 
62 
67 
— 
4 
— 
62 
2 
74 
1972 
Nov. 
373 
355 
— 
3 
1 
— 
2 
Dec. 
484 
949 
- -
19 
2 
— 
33 
Jan. 
2052 
1068 
7 
— 
— 
29 
Pre-
Feb. 
9 
24 
— 
2 
— 
• , — 
mudbank season 
1972 
Mar. Apr. 
12 — 
12 — 
— — 
— — 
— — 
— • — 
May 
— 
73 
__ 
— 
— 
— 
Mudbank season 
1972 
June July Aug-
— — 1488 
— 14 115 
— — — 
— — _ 
— — — 
— 
— — — 
— — — 
2 
c 
o 
CO 
> 
Z 
Table-4 
Monthly variations in the mean number of various groups of organisms 
expressed jO.1 m^ 
STATION 4 
Organisms 
Foraminifera 
Nematoda 
Polychaeta 
Ostracoda 
Copepoda 
Amphipoda 
J 
Crustacean naupli i 
Arachnida 
Pelecypoda 
M 
une 
- . 
— 
— 
— 
— 
— 
— 
— 
— 
udbank season 
1971 
Ju ly 
42 
106 
— 
16 
4 
— 
— 
1 
39 
Aug 
698 
37 
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71,76,000/0.1 m2 was observed in st. 2 in Aug-
ust 1972 (Table 2 ) . 
Nematoda 
Nematodes were present in almost a l l 
stations. They were .second only t o fo ramin i -
fers in the faunal abundance and the peak 
period of occurrence of this group was obser-
ved in November-January. The maximum num-
ber of 2,79,900/0.1 m2 was recorded from st. 1 
in December 1971 (Table. 1). 
Polychaeta 
The polychaetes in general were one of 
the poorly represented group in the area 
throughout the year. Aramandia lanceolata and 
Glycera alba were encountered along w i t h 
Prionospio pinnata in the samples. They were 
found to be abundant in st. 4 in the months 
November and December. 
Ostracoda 
Considerable number of ostracods were 
recorded f rom all the stat ions. They were 
observed in the samples in all the stations up 
to January, and, in stat ion 1 , their occurrence 
cont inued up to March. The maximum of 
64,800/0.1 m^ was observed in st. 1 in Decem-
ber (Table 1). 
Copepoda 
Copepod fauna was represented by spe-
cies of Pseudonthessium, Harpacticus, Scote-
cllathricella and Hetenohabdes. Most dom i -
nant of the copepods was [Harpacticus sp-
Copepods were present in all the stations 
and throughout the year. The maximum of 
12,000/0.1 m ' was observed in st. 2 in Novem-
ber (Table 3) . 
Amphipoda 
Amphipoda were the most poor ly repre-
sented group among the benthos. Amphipods 
were observed in Ju ly in st. 1 (Table 1). Their 
occurrence was not observed in any stat ion 
afterwards. Arachnids were represented by 
the Targigrades and they were numerically 
less in the samples. 
Pelecypoda 
This group was represented mostly by 
Barnea sp. and they were observed from June 
to December in the samples. Morta l i ty of 
molluscan fauna was observed in January. 
DISCUSSION 
Fluctuations of di f ferent groups through 
months did riot show any relat ion to the 
hydrographical features. Of the benthos, for-
aminifers were found to be the most dominant 
group. Nematodes and bivalves were obser-
ved to f o l l o w in the order of numerical 
abundance. The peaks of foraminifers and 
nematodes were found to coincide w i t h each 
other. The peak of benthic product ion in 
genera! was observed w i th in the period No-
vember-January. Major i ty of the benthic com-
ponents were observed to show a decl in ing 
t rend f rom January. The oi l spi l l and churning 
up of the bo t tom, caused by anchoring and 
movement of the mechanised vessels, apart 
f rom provid ing an unstable substratum, may 
pol lute the overlying waters and bring in the 
observed faunal reduct ion in this area. The 
animal diversity and abundance in stat ions 1 
and 2 may be at t r ibuted to their preference to 
a sand-clay bo t tom rather than a si l t-clay 
bo t tom. The abundance of polychaete fauna 
in St. 4 . may be attr ibuted to the depth wh ich 
provides a stable substratum by buffer ing the 
act iv i t ies of the over ly ing waters and the 
preference of s i l t -c lay nature of the substra-
tum. 
The bot tom fauna in general showed a 
low intensity in the mudbank. This may be 
due to the unconsol idated nature of the sedi-
ments wh ich does not g ive a stable substratum 
for the animals to sett le. The f ishery compone-
nts were most ly of pelagic and column feeders 
except the soles and prawns. Since they have 
been ident i f ied as migrant populat ions (see 
Chapter, on fisheries) and the soles come into 
the fishery at the fag end of the season, the 
l ow intensit ies;of the bo t tom fauna does not 
favour any special s ignif icance on their role 
in the mudbank f ishery. 
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ECOLOGY M U D B A N K S — T H E CURRENT SYSTEM 
OF ALLEPPEY M U D B A N K 
K. J . MATHEW, A. REGUNATHAN, C. P. GOPINATHAN. D. S. RAO and A. V. S. MURTHY 
ABSTRACT 
The knowledge of the water currents in the locality 
being essential for understanding the causes of forma-
tion, maintenance, movement and dissipation of 
mudbanks, the current system over two tidal cycles, 
one in May, before the formation, and the other in 
August, toward the end of the mudbank period, in 
1975, at Alleppey mudbank was studied. Marked 
difference in the direction and velocity of the 
current was noticed between the two occasions. In 
May the effect of the tides was not noticeable on the 
direction of the current, which was southerly, 
whereas in August, though the major current con-
tinued to be southerly, the speed was considerably 
reduced due to tidal influence. Introducing thereby 
a northerly component. Along with the current 
observations, the diurnal changes in the hydrologica! 
and biological aspects observed in the mudbank are 
reported. 
INTRODUCTION 
As the pattern of currents, w i t h its pos-
sible influence on the physical , chemical and 
bio logical characters of the region, is bound 
to have a direct bearing on the format ion, 
retention,upkeep, movement and dissipation of 
the mudbank, a study on the current system 
was made at Al leppey mudbank. Since the 
current veloci ty and other parameters wou ld 
in all probabil i ty exhibit diurnal variat ion in 
relat ion to t ide , the current system was studied 
at f ixed intervals over t w o t idal cycles, one in 
May, prior t o the format ion of the mudbank, 
and the o the r jn August, toward the end of its 
fo rmat ion; after assessing the t ida l inf luence 
it wou ld then be possible to obtain the mean 
values of the characteristics, after el iminat ing 
the tidal influence. 
MATERIALS AND METHODS 
The observations were at f irst carried out 
on board the research vessel Cadalmin-I, 
anchoring in the mudbank of f Purakkad at 4 m 
depth, about 1 km away f rom the coast, f rom 
0900 hrs on 16th to 0400 hrs on 18th May 
1975. For the 2nd set of observations in 
August, as mechanised vessels were not per-
mit ted then to operate w i t h i n ' t h e mudbank 
area, a p la t form was made, ty ing t w o canoes 
together and anchoring it in the middle of the 
mudbank at 4m depth. From this platform the 
observations were conducted f rom 20.00 hrs 
on 16th to 19.00 hrs on 17th August 1975. On 
both the occasions the direction and veloci ty 
of the currents were measured by using an 
Ekman's Current meter, wh ich was lowered 
to 2m depth, at one-hour intervals. The sea-
water samples for sal in i ty, dissolved oxygen, 
nutrients and phytoplankton product iv i ty were 
col lected at 3-h intervals from surface and 
bot tom. The quanti tat ive and qual i tat ive 
aspects of the phytoplankton were estimated 
by the sett l ing method. The est imation of the 
ch lorophyl l content of the surface and bot tom 
waters was made by f i l ter ing the samples 
through G. F. C. f i l te rs , dissolving in 9 0 % 
acetone, centr i fuging and transmission meas-
uring using Spectronic-20. In situ experiments 
were conducted using i*c fof measuring the 
rate of primary product ion. Zooplankton 
sampling was done once in every 3 h by 
vertical t ows f rom bot tom to surface using 
a hal f-metre nylon net having mesh size of 
0 4 mm. The volume of the plankton was 
determined by the displacement method. The 
zooplankton samples were analysed up to the 
group levels. 
OBSERVATIONS AND RESULTS 
Weather conditions 
In May, at the t ime of starting the first set 
of observations, the sky was clear, the weather 
fair and sea calm. However, f rom 0200 hrs to 
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0900 hrs on 17th, it drizzled. The wind was 
calm during the midnight hours and in the 
early morning, but rose to a strength of 
10-13 km per hour in the evening (Fig.2i). It 
rained heavily on the 18th morning. During 
the 2nd set of observations, it rained during 
the early hours of the night. The weather was 
fair during the following day. IVIaximum wind 
speed (fig.4 a) recorded was about 18 km/h, 
during noon on 17th August. The direction of 
the wind was north-easterly during night and 
north-westerly during the day. 
Currents 
The direction of the currents observed 
during the first observations is presented in 
f i g -1 . The figure indicates the percentage of 
lead balls fallen in each chamber. The distri-
bution of total number of balls is indicated at 
the right extreme column of the figure. It is 
interesting to note that, throughout the period 
of observations, the directions of the current 
was between 150' and 180°, except at times 
when the f low was nearing zero and the 
water thrust was too feeble to keep the current 
meter in a fixed direction. The major direction 
was at 160°, indicating the coast-parallel 
southerly f low (longshore current), during the 
entire period of observations. The results 
obtained during the 2nd set of diurnal ob-
servations were totally differenf in that the 
water movement was in all the directions 
(Fig.3).A northerly f low was set in at about 
0400 hrs, eventhough its duration was short 
during the tidal period. The differences in the 
pattern of direction of incurrents at the two 
phases of the mudbank is considered signi-
ficant. 
Fig, 2a represents hourly variations of the 
strength of the f low during May. The values of 
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Fig. 2. Speed of current flow, tidal components, 
current fluctuation and wind speed during 
42 hours, starting from 1200 hrs on 16th 
May. a: absolute values of currents observed; 
b: observed currents after smoothening of 
overlapping values; c: diurnal component of 
tidal f low; d: semi-diurnal component of tidal 
flow; e: quarter-diurnal component of tidal 
flow; f: effective tidal flow; g: residual 
flow; h: tide level at Cochin; i: wind force. 
observed f low were smoothened out in order 
to eliminate the observational errors if any 
This smoothening effect was ibrought out by 
overlapping means, taking three consecutive 
values at a j . t ime. Thej smoothened data 
(Fig. 2 b) were considered for further analysis* 
As the 'observed flow was practically 
confined to the coastline direction with 
nocoast-normal [component [(as revealed 
from Fig. 1), the influence of tidal forces 
on the currents of the location is only 
oscillatory, not rotatory. In order to nullify 
the effect of tides on currents, mean values for 
25 h were considered. Thus, there is a set of 
16 moving averages obtainable from the 
middle portion of observations, barring the 
extreme 12 h on either side of the observa-
tional period from 1200 hrs on the 16th to 
0300 hrs on the 18th. 
It is well known that the tides and tidal 
currents are caused by the gravitational forces 
of the sun and moon exerted on the earth. The 
times of occurrence of high and low tides at 
Cochin corresponding to the period of current 
observations are noted from the Tide table and 
presented in f ig. 2. The lowest low tide on 
16 5-75 was 33 cm at 10.09 hrs and the 
highest high tide (105 cm) occured at 1722 
hrs on the same day. The next day the lowest 
low tide of 38cm occurred at 1046 hrs, while 
the highest high tide of 103 cm occurred at 
1759 hrs. 
The tidal currents are less readily observed 
than the tides and even more difticult to 
examine theoretically (Sverdrup^ et al1942). 
Owing to the proximity of the moon to the 
earth, the lunar influence are predominant on 
tides, and tidal currents therefore exhibit an 
average length of diurnal tidal period equal to 
a lunar day (24 h 50 min., which is approxim-
ately 25 h). 
Assuming that the lunar diurnal, semi-
diurnal and quarter-diurnal cyclic variations are 
present in the total fluctuations of currents, and 
considering twenty-five hourly observations 
from 1200hrson16.5.75to1300hrs. on17.5.75, 
the harmonic coefficients are determined 
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by framing linear equations (Joseph Lipka, 
1918 aSelvadori. 1948), The results are: 
Vt « 18.5-7.57 Cos 2n t 
2.95 Cos 27t _L — 1.85 Cos 2ic 1-
i-i 
0.117 Sin 2TC 
where t refers to time in hours, starting from 
noon of 16th May 1975, T , is the diurnal 
tidal period (24.8 h), TJ is the semidiurnal 
period (^JAi\) and T3 is the quarter-diurnal 
period (6.2 h). The mean steady current is 
18 5 cm/sec. The amplitude of the three tidal 
components are 12.3 cm/sec, 6.0 cm/sec. and 
1.9 cm/sec, respectively (Fig. 2c, d, e). The 
proportionality of the respective amplitudes 
is 6:3:1. The resultant of the three tidal 
components is presented in fig. 2f. From the 
figures it is clear that the high tides coincided 
with the maximum and the low tides with the 
minimum of the tidal component of the tidal 
f low. The highest high tides of both the days 
correspond to the peaks of southerly tidal 
components of the currents and the lowest 
low tides to the northerly components of the 
tidal oscillations. 
The residual currents obtained on sub-
tracting the tidal components and asexpressed 
over the mean current (18.5 cm sec.) is pres-
ented in f ig. 2g. Therefore the zero line in 
fi gs. 2c-g refers to the steady southerly 
current. The positive values along the vettical 
axis refer to southerly fluctuations and the 
negative values to the northerly components 
of fluctuations. The estimated wind force is 
presented in fig. 2i for comparison of current 
fluctuations. Observations on wind-speed 
variations showed almost calm conditions 
during the midnight on 16/17th and also 
during early morning hours on 17th. The wind 
rose to about 10.13 km/h by the evening 
hours on both the days as the sea breeze 
gained strength. On the 17th May the wind 
rose to about 7 km/h between 0300 and 0400 
hrs from the midnight calm conditions. 
Throughout the period of observations, the 
wind consistantly blew from northwest. There 
is a general agreement between the peaks of 
wind force and strong southerly components 
of the residual currents, indicating the influ-
ence of weather (wind) on such current 
fluctuations. 
Hourly observations of currents were 
made over a total period of 24 h in August. 
Unlike the previous occasion, the water move-
ment during the present investigation was in 
all the directions during the course of the 
tidal period (f ig. 3). Nevertheless, the major 
currents were southerly. A northerly f low was 
set in, even though its duration (about 4 h) 
was short during the tidal period. 
l*-Coa»» 11' t i l * 
OIURHAL PLOW 
Fig. 3. Hourly observation of currents. 
The mean southerly component (f ig.4 b) 
of the current during the tidal period was 
24 cm/sec, while the mean northerly compon-
ent was only 5cm/sec. The net f low (southerly) 
was 18 cm/sec. The coast-normal components 
of current are indicated in Fig. 4 c. 
Hydrography 
The diurnal variations in the hydrographic 
properties showed a high correlation with the 
current and tidal influence. In May the surface 
temperature (fig. 5 a) showed a maximum at 
1 50O hrs on both the days. During the second 
diurnal cycle (August), the temperature at both 
surface and bottom was more or less steady 
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Fig. 4. Wind speed (a), coast parallel component of 
current (b) (positive Southerly) and coast 
normal component of current (c) (positive 
north arly). 
(fig.7a). The mean of the diurnal cycle was 
about 26.CC at the surface and 23.CC at the 
bottom. 
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Fig. 5. Diurnal variations in the physical properties 
of water, a; tempjratur:; b: salinity; 
c: dissolved oxygen. 
Sa//nity 
The salinity variations during the first 
diurnal cycle at surface and bottom are given 
in f ig. 5 b. The surface salinity value'' were 
generally lower than the bottom. They were 
maximum at 1200 hrs on 17th. The bottom 
values showed a maximum at 2400 hrs and 
1500 hrs (35.50%o). The mean values of 
salinity at the surface was 34.57%o» where-
as at the bottom it was 34.62%o. On the other 
hand, the salinity values fluctuated over a 
wide range during August (f ig. 9 a). The wide 
fluctuations were due to the varied degree of 
mixing of seawater with fresh water, which 
was being discharged in August from the 
Thottappally spillway, about 2 km south of 
the place of observation. 
Oxygen 
Fig.5 c shows the variations in the dis-
solved-oxygen content at surface and bottom 
during May. The values were more or less 
steady throughout the period of investigation. 
At the surface the values were around 3 ml/I 
while at bottom it was around 2.4 ml/1. During 
August the dissolved oxygen (fig. 7 b) of the 
mudbank waters fluctuated from about 0.5 ml/I 
to 3.0ml/I, with a mean value of about 2 ml/1. 
The hour-to-hour variations were maximum, 
both at surface and bottom, which was indi-
cative of the mixing process in the mudbank 
of waters of different qualities, which was 
characteristic during August. 
Nutrients 
The reactive-phosphate content of the 
water at surface and bottom in May is shown 
11 f ig. 6 a. The surface values showed that the 
maximum was at 2100 hrs (1.75 (ig at P/l) on 
the 17fti. Minimum was found at 1800 hrs and 
2400 hrs on 16th and 1500 hrs on 17th. The 
bottom values showed that it was less at 1800 
hrs on both the days and in the early morning 
hours. In August there was little difference 
between the surface and bottom values 
(fig.9 b). The values varied from 1 to 2 p.g at 
P/l. 
The Nitrite-N values of the water for May 
is shown in fig 6 b. NOj-N maximum was 
found in the surface at midnight on I6thand 
at 1500 hrs and 2100 hrs on 17th. The bottom 
values showed peaks at 1800 hrs on 16th and 
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Fig. 6. Diurnal variations in the nutrient contents.. 
a: phosphate; b: nitrite; c: nitrate; and 
d: silicate. 
0600 hrs, 1200 hrs and 2400 hrs on 17th. In 
August the Nitrite-N values (fig.7 c) varied 
between 0.15 and 0.85 i^ g at N/1. 
The variations of NO3-N at surface and 
bottom for May are shown in fig.6 c. Both 
surface and bottom values showed peaks at 
1800 hrs on 16th and early morning hours on 
17th. In general, the NO3-N values showed 
the same trend at surface and bottom except at 
1500 hrs and 1800 hrs on 17th. In August the 
nitrate values showed variations between 1.1 
and 1.5 (Ag at N/l (fig .9 c). The values were 
generally more at the bottom. 
The values obtained during May for 
the silicate content at surface and bottom are 
represented in fig. 6 d. In general, the silicate 
values were higher at the surface (10.62^g at 
Si03-S/I)than at the bottom(10.18(Jig at SiOj-
S/l). At the surface the peaks were at 0600 hrs 
and 1500 hrs on 17th and 0100 hrs on 18th, 
whereas at bottom the peaks were found 
at 2100 hrs on 16th and 0300 hrs and 0900 on 
17th and 0100 hrs on 18th. During August the 
silicate values were comparatively more at the 
bottom (Fig. 9 d). An almost steady increase, 
both at surface and bottom, was noticed from 
the beginning to the end of the observation. 
The values ranged between 5^g at S/l to 
15 iuga tS / l . 
Phytoplankton productivity and chlorophyll 
The productivity values obtained by the 
'*C technique indicated that on 16th May the 
rate of production was 35 mgC/m^/h at 0900 
hrs. The production rate increased towards the 
noon reaching a value of 106 mgC/m»/h at 
1200 hrs. Since then the rate of production 
showed a decline and at 1500 hrs it was only 
4 mgC/m3/h. The midday maximum in the rate 
of production appears to be related to the sun-
light conditions. In August a slight difference 
was noticed with regard to the time of peak 
production. The production rate increased from 
0600 hrs and reached its maximum at 10.00 
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Fig. 7. Diurnal variations of temperature (a) , 
dissolved oxygen (b) and nitrite (c) . 
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hrs (200 mgC/m''/h) and decreased from noon 
to evening (Fig.Sf). The low rate of production 
was recorded towards the evening at 1600 hrs 
(10.1 mgC/m» h). 
The diurnal variations of chlorophyll in 
May and August, for both surface and bottom, 
are shown in fig 8 and 9 e. In May the values 
showed two peaks at surface at 0900 hrs on 
16th (23.5mg/m3j and at 0300 hrs on the 
next day (29.37 mg/m'). The minimum value 
Fig. 8. Diurnal variations in the standing crop of 
phytoplanl<ton in terms of total cell counts and 
chlorophyll a. 
of 6.41 mg,'m3 was noticed at 2100 hrs. The 
bottom values also showed 2 peaks; one at 
1200 hrs on 16th (22.43 mg/m^) and the other 
at 0300 hrs on 17th (16.7mg/m9;. In August 
the chlorophyll values showed wide fluctu-
ations and the maximum value of 100 mg/m» 
was noticed at 1000 hrs on the surface During 
this hour tha bottom value was 80.00 mg/m', 
which was the maximum for the bottom 
waters. The minimum values (5-6 mg/m^) were 
noticed during ihe midnight on 16th and 17th. 
Qualitative studies on phytopiankton 
The diurnal variations in the total cell 
counts of phytopiankton estimated per litre of 
water for both surface and bottom are given 
in fig 8 for May and in fig.9 f for August. In 
May there were two peaks at the surface, one 
at 0900 hrs and the other at 1800 hrs. In the 
case of the total cell count at the bottom, the 
peaks were at 0900 hrs, and at 2100 hrs. In 
general, the variations in the cell counts were 
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Fig. 9. Olurnal variations of salinity (a); phosphate 
(b); nitrate (c); silicate (d); chlorophyll a 
(e); and standing crop of phytopiankton in 
terms of total cell counts and primary 
production. 
observed to be proportionate to thev ariations 
in the chlorophyll a values. In August also a 
positive correlation between diurnal values of 
chlorophyll a and total cell counts was ob-
served. The night samples showed less number 
of cells and the minimum was found at 0200 
hrs. The cell counts showed a gradual increase 
from 0600 hrs and reached the peak at 10.00 
hrs whence it declined. 
In May, all the samples considered 
together, 38 species of phyotoplankters 
(excluding the nannoplankton), 18 species of 
diatoms, 7 dinoflagellates and the other 3 
species, represented by the blue-green algae. 
2 
o 
•Of 
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were noticed in the water. Silicoflagellates 
and coccolithophores were totally absent 
It was found that 5 species of diatoms, such 
as Coscinodiscus sp. Biddulphia sinensis, 
Chaetoceros curvisetus, Thalassionema nitzsc-
fiioides and Asterionelia japonica, were repres-
ented throughout the period of observations. 
In August, even though Oiatomaceae were 
abundant in general, one member of the 
Cyanophyceae,/W/croc/5f/ssp, caused a bloom, 
which was responsible for a high rate of pro-
duction, high chlorophyll content and total 
cell counts. Silicoflagellates and coccolitho-
phores were found to be totally absent in the 
samples. It was observed that, during this 
month, four species of diatoms, namely, 
Coscinodiscus, Nitzscliia, Navicula and Pleuro-
sigma, were represented throughout the period 
of investigation. 
Zooplankton biomass 
Owing to the comparatively large mesh 
size of the net (0.4 mm), relatively large zoo-
plankters only were obtained. The zooplankton 
biomass was comparatively more during May. 
In May the displacement volume (fig.10) 
varied between 0.1 ml and 2.5 ml per sample 
(1.27 to 3.1 7 ml/m3 of water). In August the 
displacement volume was not estimated on 
account of the poor quantity of zooplankton 
obtained. In both the months the zooplankton 
was more during the night. In May the biomass 
showed maximum at 2100 hrs and 2400 hrs 
251 
on 16th and 0300 hrs and 2100 hrs on 17th. 
The minimum biomass was found from 0900 hrs 
to 1800 hrs on the first day and at 1200 hrs on 
the second day. On the whole, the first-night 
samples were richer than the second-night 
samples. 
The relative abundance of various zoo-
plankton groups obtained during May and 
August is given in Table. 1 
Table 1 
Tfie relative abundance (in % )zooplankton 
groups 
Zooplankton groups 
Copepoda 
Chaetognatha 
Decapod larvae 
Appendicularians 
Pieurobrachia 
Lucifer 
Polychaeta 
Medusa 
Acetes sp. 
Fish larvae 
Amphipoda 
Juveniles of Barnea sp. 
Zoea larvae 
Cladocera 
Fish eggs 
Cumacea 
May 
87,97 
1.11 
2.20 
1.34 
0.67 
0.56 
0.14 
0.13 
0.13 
0.06 
0.02 
— 
— 
— 
— 
— 
August 
10.87 
— 
3.09 
— 
— 
— 
5.49 
0.10 
— 
0.30 
0.83 
72.73 
4.30 
0.41 
1.86 
0.11 
a2o 
Z 3 1.5 
rsj30-5 
CO 
OJ 
•29-5 
-35-5 
••350 
•34-5 
-285 < 
cr 
u 
CL 
280 y 
340 ^ 
•33 5 § 
< 
to 
•330 
•32-5 
4-0 
f35 
30 
-20 z 
UJ 
o 
-1-5 > 
.10 
0-5 
127-5 132 0 LO 
1 9 12 15 18 21 24 3 6 9 12 15 18 21 
HOURS 
Fig: 10. Biomass of zooplankton in relation to diurnal variation in the physical properties of water. 
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There was a remarkable difference in the 
composition and relative abundance of various 
groups of zooplankters in the two months. 
While copepods formed the major group in 
IVIay, the juveniles of Barnea sp.[dominated 
over all the others in August. Some groups, 
like chaetognaths, appendicularians, lucifer, 
pleurobrachia (and medusa, were absent in 
August, which was mainly because of the low 
salinity of the mudbank waters during this 
month. 
12 15 18 21 ?4 3 6 9 
HOURS 
12 'S 18 21 1 
Fig: 11. Diurnal variations of tfie major zooplanlttonio 
groups on 16-18 May 75. 
The diurnal variations in the numerical 
abundance of zooplankton groups are pres-
ented in figs. 11 and 12. In May the percentage 
composition of copepods in the different 
samples in relation to other zooplankters 
ranged between 71.6 and 95.3 (Fig-13), while 
in August it varied between 0.2 and 36.7 only 
(Fig. 14b). Their number during the first obser-
vation showed pronounced diurnal variations, 
being in the range respectively of 82 to 1083 
during day and 532 to 2442 during night 
(Fig.11) Numerically the copepods were much 
less during August. But as in May, they were 
54 
relatively more during the night (Fig, 12). 
While 624 specimens were caught in 7 night 
collection only 94 specimen were present in 
the 6 day samples. 
18 20 22 2( 02 (U 06 08 10 12 U 16 IB 
H O U R S 
Fig: 12. Diurnal variations of tlie major zooplanl(ton 
groups on 16-17 August 75. 
The relative abundance of chaetognaths, 
which were present during May only, varied 
from 1.3 to 26 3% (Fig. 13). The maximum 
abundance was noticed at 2500 hrs on both 
the nights and minimum at 1800 hrs on 16th 
and 1200 hrs on 17th (Fig.11). 
The decapods were mainly composed of 
prawn larvae. The percentage distributions in 
the different samples in May ranged between 
1 and 7.5 (Fig. 13). The maximum number of 
60 was obtained at 2100 hrs on 16th. The 
minimum number was found during the day 
hours. (Fig. 11). in August the prawn larvae 
occurred in all the samples, though in varying 
numbers. While a total of 134 specimens were 
IVIUDBANKS 
present in the 7 samples collected in the nighty 
only 70 specimens were present in the 6 days 
Samples. Their percentage contribution in th e 
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Fig: 13- Relative abundance of important z}3.3lanl<ton 
groups in the total samples. 
different samples varied from 0.1 to 8.2. The 
maximum number of 54 was obtained around 
2200 hrs (Fig. 12). 
The percentage contribution of appendi-
cularians in the different samples in May was 
low, ranging from 0.3 to 6 7 (Fig. 13). Their 
maximum abundance was noticed at 2400 hrs 
on the 16th and at 1800 hrs on 17 th (Fig. 11). 
The minimum was found during day, between 
1200 and 1500 hrs on the first day and 
between 0600 hrs and 0900 hrs on the 2nd 
day. This group was absent during August. 
The pleurobrachia was also present during 
May only. Their abundance was found only 
from 1800 to 0600 hrs on the first night with 
the peak at 2100 hrs (Fig. 11). Their per-
centage of abundance among other groups in 
the different samples ranged from 0.06 to 2.9. 
Lucifer was another group which was 
absent in August. In May also they constituted 
only a small percentage in the plankton.ranging 
from 0.2 to 1.3. They were especially noted 
foi their presence in the collections during the 
night hours (Fig.11). The maximum abundance 
was noticed at 2100 hrs and again at 0300 hrs 
on the first night. The second night collections 
contained less number of specimens. 
Eventhough the plychaetes were present 
in May as well as in August, they occurred in 
very few numbers during the former month, 
Out of the 14 samples on'y 5 contained a 
single specimen each. It was interesting to 
n j te that they were present in the day samples 
only. However, in August, except at 0300 hrs, 
they were present in the samples collected in 
the other hours (Fig. 12). There was no 
indication of any difference in their diurnal 
abundance. In this month the percentage com-
position of polychaetes larvae to other zoo-
plankton was between 1.8 and 12 9 (Fig 14 b). 
The medusae were poorly represented in 
May and were found in only 5 samples, mostly 
collected during the night. In August 6 
specimens were present in a single night 
collection. Acetes sp. was also rare occurring 
only in 4 samples collected in the night in 
May. A total of 7 fish larvae were found in 3 
samples collected in May. in August they 
occurred in 4 samples of which 3 were collected 
(K 06 08 10 12 U 16 18 
H O U R S 
Z!2Barnea sp Juv E^Copopoda ^^Decapod larvae 
•Zoeaof crabHiPolfchaetaEIinSFIsh eggs [ZHOthors 
Fig: 14. Percentage composition of Important zooplank-
ton groups in the total samples (a ) ; and their 
percent composi'''on in various samples (b). 
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during the night. One specimen of amphipoda 
was present in each of the 2 samples in May. 
The percentage abundance of juveniles of 
Barneasp.a bivalve present in the zooplankton, 
varied between 22.2 and 91.6. They were 
present in August and was them the most 
abundant form. The number in the different 
samples ranged from 40 to 1500. However, 
diurnal variation was not noticed. The zoea 
larvae, which constituted 4.3% in the total 
plankton, was the 3rd abundant group in 
August. They showed marked diurnal variations 
The cladocerans, though were present in a 
limited number of samples (only in August), 
were remarkable for their diurnal variations. 
Among the night samples they were present 
in all but one. One specimen each was present 
in 2 of the day samples also. 
The fish eggs were present in all but 2 
samples in August and their percentage in the 
different samples ranged between 0.2 and 2.4. 
A good number of them were present in the 
beginning of the observations and at 1800 hrs, 
53 numbers of eggs were present, Eventhough 
the fish eggs were more in 3 of the night 
samples, a diurnal difference in their presence 
was not noticed. Six number of benthic 
cumaceans were also present in 4 of the night 
samples of August. 
DISCUSSION 
The investigation shows that, during May, 
the seasonal currents in the mudbank was 
southerly. The peaks correspond to the high 
tides and the troughs to the low tides. There-
fore the high tide corresponds to.the southerly 
component of the tidal current. The lowest 
low tide (1100 hrs), which reversed the tidal 
current to the northerly direction (14 cm/sec.) 
was sufficient to nullify the steady southerly 
flow 08.1 cm/sec.) completely. Thus the curr-
ent direction was always maintained at 160* 
(southerly). In August change in the oirect-
ion of current was observed. The weaker 
coast-normal currents indicated the transi-
tions of the change over from the southerly 
currents during monsoon to the northerly cur-
rent system during the winter. It may be not-
iced that, in August, the offshore components, 
though feeble, was present almost throughout 
the day. Such a development i n the current 
systems towards the end of the mudbank sea-
U IS 
16-5-75 
2« 03 06 09 12 
17-5-75 HOURS 
24 X)3 
18-5-75 
Fig. 15. Anomaly of various paramaters studied: a-current 
(from 18 cm/sec: Scale X10 = velocity in cm/sec); 
b- surface temperature (from 28.5° C); c. surface 
salinity (from 34.35 %) ; d. surface phosphate 
from 1.13/a at P 1); e. mean values of zooplank-
ton displacement volume (from 0.1 cc); f. mean 
cell counts of phytoplankton (in lakhs). 
son has a definite bearing upon the dissipation 
of the mudbank. The stronger the develop-
ment of the offshore currents, the quicker the 
dissipation by mixing with the offshore waters. 
When the anomaly of various parameters, 
such as temperature, salinity, reactive phos-
phate, phytoplankton cell counts and zooplank-
ton biomass, was compared with the changes 
in the pattern of the currents in May, a high 
degree of correlation was noticed and the 
same is presented in f ig. 15. However, in 
August, the centre of observation being closer 
to Thottappally spillway, through which there 
was a constant outflow of fresh water, and 
being further influenced by the tidesjand cur-
rents, the hydrographic properties, such as 
temperature, salinity and dissolved oxygen, 
showed great fluctuations from hour to hour. 
The complexity of variations was such that a 
definite correlation of any of the hydrographic 
parameters with the pattern of the currents 
was not possible. With regard to the phyto-
plankton productivity, no significant changes 
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Fig. 16. Diurnal abundance of ths important zooplankton groups in relation to environmental 
parameters on 16-18 May 1975. 
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were noticed during the diurnal observations 
in May other than what usually happens in the 
inshore areas. 
The production at the primary level dur-
ing the 24-h period in August was generally 
high. However, this high rate of production 
was mainly due to the presence of Microcystis 
sp., a freshwater alga which was brought down 
through the spillway Its population was esp-
ecially more between 0800 hrs and 1200 hrs, 
during which period the marine diatoms and 
dinoflagellates, such as Nitzscfiia, Pieurosigma. 
Ceratium and Peridinium. were totally absent. 
During both these periods of diurnal obs-
ervations the zooplankton was more during 
the night. This cannot be attributed to the 
vertical migration, as the plankton samples 
were collected from the bottom to the surface 
straining the complete water column. The 
avoidance reaction of zooplankton to the sam-
pling net could be one reason for their reduced 
frequency in the day samples. However, light 
being the most important factor in the vertical 
distribution of the zooplankton, their day time 
aggregation in the deeper strata may reflect 
in a low catch by the net. During the night 
the diffused condition of the zooplankton 
distribution in the complete water column en-
hances the chances of capturing the zooplank-
ters. In spite of the rather turbid nature of 
the subsurface water at the mudbank, this 
general principleof the zooplankton distribution 
was found operating in the mudbank. 
Eventhough light plays an important role 
in the diurnal variations of the plankton in gen-
eral, the effect of temperature and salinity are 
also significant. In May the plankton showed 
maximum abundance when these two environ-
mental parameters were almost steady (fig:16). 
For example the salinity was at its maximum 
during the whole period of the first night and 
the temperature was moderate. This was f o l -
lowed by the maximum abundance of plankton 
in general and different groups in particular. 
But during the second night the salinityshow-
ed greater fluctuations and declined to the 
minimum at 0100 hrs. The temperature also 
showed a steady decrease during the period 
and dropped to the minimum by 0100 hrs and 
the plankton was less in quantity. During 
August also the hydrological parameters in -
fluenced the occurrence and abundance of the 
zooplankton. The relationship of the major 
zooplankters with the hydrographic properties 
is given in fig. 16-17. A significant result of 
the extreme dilution of the mudbank waters 
during August was the absence of chaetog-
naths and appendicularians, which frequent 
the coastal waters in all the seasons. Similarly 
the copepods, which usually form the most 
dominant groups, were present in less num-
bers. 
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ELEVEN 
FISH AND FISHERIES OF THE MUDBANKS 
A. REGUNATHAN, K. J . MATHEW, D. S. RAO, C. P. GOPINATHAN, 
N. SURENDRANATHA KURUP and A. V. S. MURTY. 
ABSTRACT 
The mudbanks attracted the affention of fishery 
scientists as they play a vital role in coastal fishing 
during the S. W. monsoon. Studies on the fishery 
associated with mudbanks were carried out 
from Quilon to Mangalore, particularly in the 
mudbanks of Purakkad and Nattlka, where the fishery 
is more intense. The total catch and catch per 
unit effort for mudbank and non-mudbank areas 
were estimated and compared. Changing pattern 
of fishery, species composition and their relative 
abudance were studied. The present paper thus em-
bodies a detailed account on the much publicised 
'mudbank fishery'—or C/ia/rsra fishery—and its magni-
tude and limitations. An attempt has also been made 
to project the sooio-economics of the fishing com-
munity of these areas, along with the infra-structure 
and the impact of legislation in regard to mudbank 
fishery. 
INTRODUCTION 
Mudbanks have been a navigational pro-
blem since olden times for port authorit ies. 
A l though mudbank is ment ioned in l i terature 
since 1678 (Acfm. Rep. Travancore,^860), there 
is very l i t t le recorded informat ion on the f ish-
ery associated w i th mudbanks. What l i t t le is 
known in regard to it is restricted to the i n -
frastructure rather than the f ishery. Paucity of 
details on the f ishery associated w i th the 
mudbanks necessitated the present study. 
Many years have elapsed since Bristow 
(1938) gave his f irst evaluat ion of the mud-
banks of Kerala coast and it is not known whe-
ther any notable changes have taken place in 
the environment or in our f ish ing activi t ies all 
these years. The country, after independence, 
made a big leap in mechanising the f ishing 
industry and in extending our f ishing activit iea 
farther out into the offshore waters. Never-
theless, the requirements of the necessary 
infrastructure to meet the increase in produ-
ct ion by the improved f ishing act iv i t ies are not 
yet adequately met w i t h . It may be recalled 
in th is connect ion that the Purakkad mudbank 
experienced a bumper landing in 1969, and the 
prawns and fishes that were landed in large 
quanti t ies had to be buried along the beaches 
due to the processing and storage faci l i t ies 
then inadequate. 
The S. W. monsoon period is generally an 
offseason for the f isherfolk on the west coast 
of India, who s ' i l l use non-mechanised f i s h -
ing crafts. In this period of general id l ing , the 
calm areas created by the mudbanks naturally 
attract f ishermen in large numbers, f rom far 
and wide. These calm areas, varying in extent 
from about 10 km^ to 26 km2,5provide safe har-
bourage to the country crafts. Launching and 
landing of canoes are very easy in the mud-
bank areas. Most of the canoes f rom the 
f ishing vi l lagesof Cochin-Qui lon and Cochin-
Ponnanl congregate (plate 1,A&-B)respectively 
at the mudbanks of Al leppy and Nattika, and 
these places then become centres of intense 
f ishing act iv i ty . 
Fishery at the mudbanks of Kerala coast 
in general, and of Purakkad in particular, had, 
however, a severe set back in the year 1971, 
when the presses in Kerala came out w i th head-
lines on the failure of mudbank format ion and 
the f ishery associated w i th it. This mudbank 
failure prompted the Central Marine Fisheries 
Research Institute to make the a l l -out effort 
to investigate the nature of the mudbanks and 
the fishery associated w i th them. 
MATERIAL AND METHODS 
Ambalapuzha, Purakkad and Thottappal ly 
(Al leppey), Valapad (Natt ika), Tanur (Calicut) 
and the f ishing vi l lages in and around 
these places were v is i ted and fish samples 
and catch data were ;col lected. Tanur could 
not be visited frequently, but Valapad, Ambala-
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Fig. 1. Pattern of monsoon fishing in the mudbankand 
non-mudbank areas of Zone-1 • 
puzha, Purakkad and Thottappally were under 
regular observation. The present account deals 
with the craft and gear, species composition 
and total landings of the mudbank and non-
mudbank areas of Alleppey and Nattika. For 
the purpose of this study the fishing villages 
of Alleppey (Ottamassery-Tharayilkadavu) is 
treated as Zona 1 (Fig, 1) and Nattika (Pon-
nani-Attupuram) as Zone 2 (Fig.2). The catch 
statistics of Zone 1, in regard to both mudbank 
and non-mudbank areas, is dealt with in detail. 
The Zones 1 and 2 are compared in respect of 
both total landing and the catch per unit 
effort (CPUE) worked out for a five-year 
period. The changing pattern of the fishery 
and the relative abundance of the species are 
discussed in detail. 
FISH AND FISHERY 
Ctaft and gear 
Dug-out and rigged canoes {vaUam or 
vanchi, in Malayalam) were the main crafts 
used in the fishing operations. Catamarans of 
Tamil Nadu with hooks and lines were also 
K^m'.VPonnani PATTERN OF MONSOON FISHING 
IN MUO BANK AND NON-MUD BANK 
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Fig. 2. Pattern of monsoon fishing in the mudbank and 
non-mudbank areas of Zone-2. 
seen. The canoes were mainly of two sizes, 
a larger one of 9.5 m, manned by 15 persons, 
and a smaller one of 6 m, manned by 9 persons. 
Canoes fitted with outboard motors, which 
had been introduced in 1980, were also 
in operation. The canoes of Calicut area 
were of flat bottom, while that of Valapad-
Nattika and Ambalapuzha-Thottappally were 
of keel bottom. The main gears of operation 
were drag nets (Thangu vala) and gi l l nets 
(Mathi-chala vala). Cast nets were also used 
effectively near the shore in the mudbank 
area (plate: 1 B)' 
Thangu vala: This is a rectangular net made of 
cotton or nylon and is about 50-60 m in length 
and 15-20 m in width, with a narrow end 
measuring about 6-9 m. The mesh size is 
about 20 mm. On sighting a shoal, one person 
jumps into the water holding one end of the 
net and remains stationary, while the canoe 
moves paying outthe net to encircle the shoal. 
The canoe, on reaching the person, collects 
the other end also from him, and the net is 
hauled. Hauling the ends, a bag-like belly in 
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the centre is formed, where the fishes are 
collected and removed. 
Mathi chala vala: This is a gill net made of cot-
ton or nylon pieces, each piece, measuring 
about 2.5-3 m long and 4-6 m broad, with a 
mesh of 9-25 mm. One or two canoes are oper-
ated to lay the net and these canoes carry 7-8 
pieces of net laced together. When a shoal is 
sighted the net is rapidly paid out in a semi-
circular fashion, the fishermen making loud 
noise. Thus driving the shoals toward the 
net they are gilled on the nets and removed. 
Fish 
The monsoon fishery was composed of 50 
species of fish and six species of prawns. 
Fishes of the families Carcharinidae, Clupei-
dae, Dussumieridae, Dorosomidae, Engrau-
lidae, Tachysuridae, Ambassidae, Theraponi-
idae, Chirocentridae, Sillaginidae, Sciaenidae. 
Siganidae, Trichiuridae, Scomberomoridae, 
Stromateidae, Cyanogiossidae and Drepanidae 
were enountered in the landings. Of the 
prawns, Penaeus indicus, P.monodon, P. semi-
sulcatus, Metapenaeus dobsoni, M monoceros 
and M. affinis represented in the catch. While 
the monsoon fishery of tha Alleppey mudbanl< 
region was dominated by M.dobsoni, Stole-
phorus sp. Sardinella sp. and Leiognathus sp., 
the major bulk of the catch of the northern 
sector (Valapad and Tanur) was contributed 
by Sardinella sp., P.indicus and M.dobsoni. 
The monsoon fishery in Kerala has a legal 
protection from the state government, provi-
ding exclusive operational rights during mon-
soon to canoes and catamarans, especially so 
in the vicinity of the mudbank region. Fishing 
by mechanised vessels is strictly prohibited at 
the mudbank and nearby areas. However, in-
digenous crafts fitted with outboard motors, 
introduced in 1980, are allowed to operate in 
the mudbank regions. 
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TABLE 1. Camparative study of fish landed in mudbank (IVI) and non-mudbanii (N) areas during the mudbank seasons 
of the years 1967 to 1970 (in tonnes). 
1967 1968 1969 1970 
Scoliodon sp. 
A dussumieri 246.5 
S. longiceps 27.2 
Engraulis sp. 17.3 
Opisthopterus sp. 10.0 
Otolithus sp. 
Caranx sp. 
Leiognathus sp. 9.3 
L- lactarius 
P. indicus 
l\/l. dobsoni 562.7 
P. stylifera 20.8 
Rhynchobates sp. 
Dusumieria acuta 
S. fimbriate 
Anchoviella sp. 
Ambassis sp. 
Sciaena sp. 6.9 
Cynoglossus sp. 
Trichiurus sp. 2.7 
/?. kanagurta 
Zygaena sp. 
Cybium Commcrsoni 
M. affinis 
Sphyraena sp. 
>*. thalassinus 
Miscellaneous 4.5 
179.1 
25.5 
4.1 
8.4 
8.1 
22.8 
3618.7 
44.8 
75.6 
5.5 
2.3 
4.1 
1.2 
9-6 
17.6 
10.8 
87.3 
0.4 
1.0 
271.6 
1.7 
3.6 
0.2 
0.4 
0.6 
1.7 
31.6 
0.3 
549.4 
9.2 
1.9 
6.0 
434.7 
0.8 
4.3 
55.7 
3 9 
0.2 
1488.7 406.0 
23.4 
45.7 
8.7 
9.6 
55.1 
6.4 
20.0 
0.8 
5.7 
197.3 
155.4 
1237 
20.1 
17.8 
53.0 
5.2 
38.4 
13.0 
30.1 
1.5 
2.5 
45.0 
10.0 
6.0 
1042.7 
13.8 
5.7 
3.3 
9.3 
37.7 
194 
0.8 
1665.9 
2.2 
1.0 
4.7 
9.3 
3.6 
6.6 
2.7 
11.5 
4.8 
168.7 
3.2 
0.84 
17.1 
0.5 
386.1 
4.8 
29.0 
0.5 
20.3 
1.0 
53.4 
0.80 
3.4 
71-7 
3.0 
4.6 
3.7 
2.1 
89.1 
6.4 
8.1 
8.4 
809.9 
314.9 
8.7 
6.3 
14.0 
479.4 
194.9 
467.5 
22.8 
9.0 
1.0 
1.0 
528.3 
9.4 
4.7 
0 3 
18.4 
0.3 
189 
2.0 
27.9 
3.9 
106.0 
1103 
6.7 
128 
2816 
35.2 
16.6 
1.1 
71.3 
3.6 
408 1 
10.7 
50.6 
3.1 
1.3 
9.1 
0.2 
1044.2 
65.3 
0.1 
4.2 
0.3 
31.9 
2.8 
3.9 
17.8 
9.5 
160.4 
29.7 
73.0 
1.2 
2.1 4.0 9 2 
4.9 
13.2 1.5 
13.9 
12.1 9.2 38.0 2.0 
0.5 17.6 
13.7 0.6 108 
,29.7 2.7 8.0 
5.9 
3.9 2.4 
7.9 41.7 6.7 28.8 40.6 14.9 9.5 
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TABLE 2 Annual landings in metric tonnes for the mudbank and 
non-mudbank areas of Alleppey coast. 
Year 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
June 
18.22 
906.52 
607.44 
2871.51 
1755.62 
177.22 
436.13 
46.19 
23.24 
— 
6823.87 
mudbank 
July 
3800,49 
4005.40 
2090.18 
524.59 
632.97 
698.65 
1652.62 
2538.83 
23.93 
938.59 
18105.76 
area 
August 
— 
54.95 
748.74 
224.14 
1182.38 
106.70 
1148.08 
7840.19 
— 
472,97 
11778.15 
Total 
3818.71 
4966.87 
3446.36 
3620.24 
3570.97 
982.57 
3236.83 
10425.21 
47.17 
1411.56 
31767.78 
June 
932.48 
— 
— 
186.43 
— 
4680.00 
863.11 
— 
1222.84 
133.32 
non-mudbank area 
July 
534.27 
— 
415.25 
— 
581.45 
860.24 
2500.27 
3207.33 
106.53 
1566.06 
7085.70 9237.13 
August 
— 
369.98 
68.80 
2490.47 
226.97 
892.39 
152.34 
— 
4338.40 
1709.52 
Total 
146675 
369.98 
484.05 
2676.90 
808.42 
6432.63 
3515.72 
3207.33 
5667.77 
3408.90 
10248.87 26571.70 
Total for 
mudbank 
and non-
mudbank 
239923 
5336.85 
4930.41 
6297.14 
4379.39 
7415.20 
6752.55 
13632.54 
5714.94 
4820.46 
THE FLURRY AT THE MUDBANK 
Plate-I A Canoes all set for operation; B. Transportation of 
a canoe to the rnudbank area by road; C. Cast 
nets In operation in the rnudbank-
Plate-II A. Throng of fishermen and 
rnudbank of Alleppey; B & 
prawns and fishes-
fish vendors at the 
C. Bumper catch of 
k.- • 
k -
a,-**. . / • * » 
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> • • i i A ' i i 
Plata-Ill A. Drying of excess catoli on tlie beach; B. Pre-
paration for the mudbanl< fishery—fish storage 
shed under construction; C. A section of the 
commarcial setup at the mudbank.' 
Plate-lV A-C. Diurnal studies being conducted at Alleppy 
mudbank (Thottappally). (Sea Chaptar 7) 
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Fig, 4. Total fish landed, total effort and number of canoes operated In the mudbank and non-mudbank areas 
of Zone-2 during the mudbank seasons of years 1973-1977. 
Notmally, fishing in the mudbank is done 
from the early hours of day till noon. But, 
on heavy fishing days fishing continues 
through out the day. The authors themselves 
have witnessed the fishing operations on many 
occasions and collected information on the 
fishing pattern prevailing in the mudbank reg-
ions. The fishing is generally confined to the 
peripheral region of the mudbank. When cat-
ches are heavy, the boats have been observed 
to come to the shore to unload their catches 
and return to the same area to resume the fish-
ing operations. Because of the legal prohibit-
ion on mechanised vessels, the authors could 
not conduct any exploratory fishing operation 
in the mudbank. But it has been observed that 
the fishery, though intense at times, is in no 
way a permanent feature of the mudbanks, be-
cause there are many a days when the boats 
return ,after hours of scouting, without even a 
single fish. However, on such days, weather 
permitting, fishermen go farther from the mud-
bank and bring sometimes heavy catches from 
places north and south of the mudbank (Plate: 
2&'3A). Catamarans from Tamil Nadu have bean 
observed to move far off to places outside 
the mudbank area for hook-and-line fishing. 
On days of rough weather, fishing operations 
are at times carried out very close to the shore, 
inside the mudbank proper. 
Specieswise composition of the fish land-
ings from the mudbank and non-mudbank areas 
of Alleppey during the years 1967-70, presen-
ted in Table 1, shows that/Weirap8/7aet/s dob-
son/. Sardine/la longlceps, Leiognathus sp.' 
Stolephorus spp. (Anohoviella) and Ambassis 
sp. form the bulk of the landings in the mud-
bank as well as in the non-mudbank areas 
during this period. 
Table 2 shows the total annual landings at 
the Alleppey coast covering both the mud-
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bank and non-mudbank regions for a period 
of ten years (1966-75). The totallandings of 
the mudbank area, as can be seen from these 
data, has dwindled steadily from 1971, except 
for a reversal in 1973, and that of the non-
mudbank area increased substantially from the 
earlier years. 
Catch, effort and units in operation 
The total fish landed, effort expanded 
and the number of canoes operated during 
the S. W. monsoon both at the mudbank and 
non mudbank areas of Zones 1 and 2 in the 
years 1973-77 are shown in the figures 3 and 4. 
The highest rate of catch (catch per unit 
effort) for the mudbank area in Zone 1 was in 
1975, while that for the non-mudbank area 
was in 1976 (fig. 5). In Zone 2, the highest 
catch per unit effort was recorded in 1977 for 
the mudbank area, and for non-mudbank area it 
was in 1973. In Zone 1 che catch per uniteffort 
was more for the mudbank area than for non-
mudbank area in 1973 and 1975; but in 1974, 
1976 and 1977 it was the reverse. In Zone 2, 
the non-mudbank area had a higher catchj rate 
than the mudbank area in 1973 and 1974, while, 
in all the other years under consideration, the 
catch per unit effort was higher in the mud-
bank area. However, the overall catch per unit 
effort was on tne higher for the non-mud-
bank area in Zone 1 (Purakkad) and for the 
mudbank area in Zone 2 (Nattika). 
Cfianging pattern of fish distribution 
The pattern of fish distribution in the 
coastal areas during the monsoon seeson has 
been observed to change very frequently, even 
from day to day. This phenomenon was then not 
only confined to the mudbank area but also to 
other areas outside it, obviously because of 
the shoaling behaviour of the fishes. The 
daily changing pattern of the fish landed at 
the mudbank area of AHeppey was studied for 
13 days in July 1971,and the results are given 
in f ig. 6. Of the major constituent species at 
this time. /W.^/oAjo/?/dominated the catch for 
6 days, During these six days, P.indicus ranked 
second for one day, and Leiognathus spp. 
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Fig. 5. Catch-psr-unit-effort of mudbank and non-mudbank areas of Zonss 1 and 2 for the period 1973-1977 
MUDBANKS 
and Sto/ephorus spp. for two days each. On the 
remaining day, the catch was of a mixed type, 
without having any species predominance. 
Eventhough there were some gaps in the 
observations, the overall figure emerged out 
was sufficient to show the daily changing pat-
tern of the fishery. 
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Fig. 6: The changing pattern of fishery at the 
Alleppey mudbank in July 1971. 
Relative abundance of fishes in mudbanlt area 
and in non-mudbantc area 
An attempt was made to compare the dis-
tribution patterns of fishes at the mudbank 
and non-mudbank areas of the two zones, 
based on the landing figures, eventhough the 
mudbank areas were fished almost every day 
while the non-mudbank areas were fished only 
when calm weather prevailed. The catch dis-
tribution, species composition and their per-
centage abundance for the mudbank and non-
mudbank areas did not differ much (fig. 7&8)-
It is obvious from the figures, that except in 
July (1975) and August (1977) for Zone 1 and 
in June (1975) and August (1977) for Zone 2, 
the pattern did not show much variations, 
infrastructure 
With the onset of a mudbank the fishing 
village, all on a sudden, turns into a place of 
hectic activity (plate: 3). Thousands of fisher-
men and people associated with fish marketing 
and processing industry assemble here. For-
tune seekers, too, other than fishermen, encamp 
at the mudbank area. New hotels and tea 
stalls come up. Pedlars find their job thriving. 
The law-and-order department becomes more 
vigilant. To meet the fishing requirements, an 
elaborate infra-structure is then naturally need-
ed. Sufficient number of crafts, gears, pre 
servation and marketing facilities, and mean 
of quick transportation are essential. Above 
all, every fisherman has to have a reasonable 
price for his commodity. It wil l be worth-
while to examine how far these needs are met 
with during the mudbank fishery. 
The ice plants estabilished in the vicinity 
of mudbank areas of course ensures steady 
supply of ice. At times, when there are heavy 
landings,quantities of ice are brought alsofrom 
distant places. As there are very good trans-
portation facilities all along the Kerala coast 
quick movement of the catches by insulated 
and ordinary trucks is not ordinarily a major 
problem. In spite of all these, the price of 
ifishes falls very low on days of heavy landings. 
Socio-economics 
Majority of the fishermen who engage in 
fishing at the mudbank come from far-off 
places. They come with their own or hired 
crafts and gears. At the mudbank region, they 
usually stay with their relatives orfriends,or in 
rented tenements on the open beach. These 
people are not a homogenous group; they be-
long to various castes and religions and speak 
different languages, but, they nevertheless 
work in perfect harmony. 
The income of the fishermen at the mud-
bank area is never steady, like any where else. 
On days of good fishing it is not uncommon 
for a fisherman to get Rs. 300/-or even more 
per day. On the other hand, on many days 
they get nothing since they return without any 
catch at all. However, of late, several canoes 
fitted with out-board engines are under opera, 
tion in the Alleppey region enabling them to 
fish further out with better results. 
Majority of the fishermen hire boats and 
nets for operation in the mudbank regions' 
and, therefore, a major portion of their income 
has to be disbursed as rent for the boat and 
net. Besides, fishermen borrow good am-
ounts of money from money lenders or fish 
agents (at usurious rates) anticipating good 
income from mudbank. This takes a heavy to l l , 
too,apart from the sad fact that the money lend-
ers usually decide the price of catches. Thus it 
I's not unusual that the fishermen who come to 
the mudbank with the hope of getting a good 
harvest at times go back with empty hands. 
Of course, there are rare exceptions. A few 
diligent fishermen earn enough from mud-
banks even to purchase boats and nets for 
themselves. 
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Fig. 7: Relative abundance of important fishes landed at the mudbank and non-mudbank areas of Zone 1 
during the years 1973-1977. 
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Fig. 8: Relative abundance of important fishes landed at the mudbank and non-mudttank areas of Zone 2 
during the years 1973-1977. 
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DISCUSSION 
It can be seen f rom the ten years' data 
(Table2) that the popular belief that mudbanks 
are, as it were gr?at f ish bowls , abounding 
in f ish wh ich can be naught easily needs 
rethinking. The abundance of species, l ike 
M. dobsoni (1967, 69 and 70) , S longiceps 
(1967, 69 and 70) . Leiognathus spp. (1969, 
70), Stolephorus spp. (1969, 70), Ambassis sp. 
(1969, 70) and P. indicus (1970), that is seen 
in the mudbanks many a days in the months 
of Ju ly -August (Table 1) is in no way an ex-
clusive feature of the mudbank, but is found all 
along the coast during the monsoon months. 
It has been found by many authors that the in -
shore f ishes, especially prawns, move f rom 
deeper waters to closer to shore during the 
S W . monsoon, probably due to the process of 
upwel l ing (Banse 1959), During the monsoon, 
the current has been observed t o be southerly. 
The general tendency of f ish being t o swim 
against the prevai l ing current, it is possible 
that a good part of these fishes are then m o v -
ing in shoals noi thward and a por t ion , on 
passing through the mudbank area, are 
easily caught by the numerous canoes operat-
ing in and outside the mudbanks. If so, it is 
also possible that a shoal of a particular c o m -
posi t ion, after its passing, is f o l l owed by a n -
other of entirely dif ferent composi t ion, wh ich 
might account for the abrupt changes in the 
composi t ion of f ish landed. The overall picture 
obtained thus seems to support the hypothesis 
that the catches landed at the mudbank area 
are from shoals wh ich are on the move, and 
they are caught only at th is area because at 
thi$ t ime f ishing is possible only at this region. 
Whi le the data in general show (Table 2 and 
f ig . 4) a higher landing for mudbank areas, 
f ig. 6 shows the day- to-day variat ion in the 
catches of the mudbanks indicating the p rob-
abil i ty of the existence of a f ishery resource 
along the west coast during the monsoon 
months. This is furthermore indicated by the 
fact that, whenever weather permits f ish ing, 
the fishermen land sizable quanti t ies of the 
same species from the non-mudbank areas as 
we l l ; only that the f ishermen operating at the 
mudbank area have an added advantage in 
f ishing at the periphery and occasional ly in -
side the mudbank even when f ishing is not 
generally possible. I tmay a lsobe mentioned 
that fishes caught elsewhere in non-mudbank 
areas on calm days are often landed at the 
mudbank area due to the good marketing 
fac i l i ty then available only in the mudbank 
area, thus raising the catch f igures wrong ly 
attr ibuted to mudbank. For example, on calm 
days, f ishermen stat ioned at the mudbank 
have been observed to move out to places l ike 
Thrikkunnapuzha, Kalikadu (Kayamkulam), etc., 
and bring heavy catches of prawns and f ishes. 
These are also landed at the mudbank area. 
Thus the higher landing figures generally avai l -
able for the mudbank area includes the cat-
ches not only of the mudbank, but also of far-
away areas which have no mudbank condi t ion 
what so ever (F ig . 1 and 2) . 
A l o w overall to ta l marine landing figure 
of 1970 monsoon fishery (table 2) as wel l as a 
very poor catch in the mudbank areas in 1971 
made the press to come out w i t h headlines. In 
fact, there was a perfect mudbank formed in 
1971, though the f ishery associated w i th it suf-
fered a set back. But it is interesting to note 
that the non-mudbank area had at this t ime a 
very good f ishery. A l l through from 1971, ex-
cept1972 and 1973,the f i she ryo t the mudbank 
area was of a low magni tude, in the year 
1974 it amounted only to a very meagre 
amount of 47.17 tonnes. I t m a y thus be 
seen from this data that the popular opin ion 
about the mudbank fishery is baseless; and 
to think that an area of 10-25 km2 w i th in 
a per iod of three months t o produce a f ishery 
of its o w n or even to 'at tract ' f ishes in such 
largemumbers is beyond all scient i f ic reasons. 
1971, a year o f good mudbank format ion, 
had a landing f igure of 7415.20 tonnes for 
mudbank and non-mudbank, whereas the year 
1973, when the mudbank was poor ly formed, 
had an a l l -h igh f igure of 13632.54 tonnes 
for both mudbank and non-mudbank. I t may 
be pointed out that of the 7415.20 tonnes in 
1971, the mudbank contr ibut ion was only 
982.57 tonnes. During the years 1973-77 the 
highest f igures for mudbank (10425.21 tonnes) 
and non-mudbank (14231.55 tonnes) were 
recorded in 1973 and 1976, respectively. 
The lowest was in 1977 for both mudbank 
(47.81 tonnes) and non-mudbank ( 2 8 8 4 7 0 
tonnes) in Zone T (Fig. 3). In Zone 2, the 
highest f igure recorded for mudbank was in 
1974 (8776.84 tonnes) and for the n o n -
mudbank areas it was in 1973 (12100.61 
tonnes). The lowest f igure recorded for the 
regions were respectively iri 1976 (2638.19 
tonnes) and 1977 ( 0 2 5 tonnes) (F ig . 4 ) . 
70 MUDBANKS 
In zone l.the catch per unit effort (CPUE) 
for the mudbank (Fig. 5) was 4.6 kg and that for 
the non-mudbank was 5.4 kg, showing a higher 
CPUE for non-mudbank areas, but in zone 2, 
the CPUE was 5.2 for mudbank and 3.0 for 
non-mudbank, showing the reverse. The vari-
ation in CPUE clearly shows that the catch is 
determined by the fishing facility, man power 
and gear and craft rather than the mudbanks. 
(Fig. 3 & 4). It is also seen that, as the mon-
soon of 1973-77 was such as to favour fishing 
all along the coast, the non-mudbank, cover-
ing a large area and having more canoes and 
man-powar in operation, was able to domi-
nate with the catch; the overall landing 
figures show a higher catch for the non-
mudbank areas (45301.53 tonnes) and lower 
for the mudbank areas (41605.11 tonnes). 
The occurrence of the stock remaining the 
same, the yield would have most probably 
shown a considerable reversal had the mon-
soon been more active so as to prevent fishing 
in the non-mudbank regions. 
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